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IVM/NWM The CINDI Project C/NOFS

UNIVERSITY O

AIR FORCE RESEARCH LABORATORY

 Make key measurements to determine the links between'{gn and neutral
motions. |

e Use knowledge of physical links to forecast onset of equatorial ionospheric
structure
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CINDI

IVM/NWM Basic Principles C/NOFS

» Earth’s upper atmosphere is an anisotropic electrical conductor.

» The Magnetic field provides electrical connectivity between two
plasma layers.
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» At night the upper layer is unstable to gravitational (heavy over light)

overturning.
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|Vc,\:n';\|{,[\),:,,\,, Major Drivers of Plasma Structuring

C/NOFS

e Variations in the seed perturbations
Gravity waves from weather systems

e Variations in the height of the density gradient
Local-time history of the vertical ExB drift
Magnitude and persistence of local drifts.
Neutral winds.

e Variations in the flux-tube integrated conductivity

Neutral wind induced field-aligned plasma motions.

ExB drift history




CINDI .
IVM/NWM Major Quests

Key Questions

C/NOFS

e What are the relationships between the behavior of F-region neutral
winds and the daily variability of ExB drifts ?

e What combination of neutral winds and ion drifts promotes the
growth of plasma structure ?

e How does the temporal evolution of structure depend on F-region
neutral winds and ExB drifts ?

Required Measurements

e Total Ion Concentration to identify regions of plasma structure.

 Jon Drift Velocity to define evolution of plasma structure.

e Neutral Wind Velocity to understand electrodynamics and determine
drivers for small-scale structure




CINDI
IVN:;\II\RNM CONTRACT/PROCUREMENT OVERVIEW  C/NOFS

Completed NASA Phase A Review
e Air Force PDR 31 Jul 01

NASA PDR 28 Aug '01

e Currently in Phase C/D

Confirmed in Nov '01

Phases C/D/E funded by NASA

* No major subcontractors
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CINDI

IVM/NWM MAJOR MILESTONES C/NOFS
* Air Force PDR 31 Jul 01
* Detailed Schedule with Loaded Resources 21 Aug 01
« NASA PDR 28 Aug 01
« CDR 28 Nov 01
* Detailed Design Complete Dec 01
* Fabrication Sep 01 - Mar 02
* Test Apr 02 - Sept 02
* IVM Delivery to KAFB Sept 02
e NWM Delivery to KAFB Oct 02
e Payload Integration Sept 02 - Jan 03
* Space Vehicle Integration Feb 03 - Sept 03
* Launch Integration Sept 03 - Oct 03

e Launch Oct 03
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Schedule Placeholder
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CINDI
IvuNwM  DESIGN/DEVELOPMENT STATUS- CINOFS

e Final schematic and PWB checkout/drawing sign-off on
schedule

e Prototype Digital Controller PWB(IVU) in assembly
*FPGA routing successful, ~ 40% of modules used
*FPGA timing analysis in progress

e Final Parts and Materials Lists submitted

e NSPAR’s submitted — reviewed and approved by GSFC
Code 300 parts specialist

e Final Parts Stress/Derating Analysis Complete

e Parts deliveries on schedule
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CINDI
vionwn  PESIGN/DEVELOPMENT STATUS-2 C/NOFS

e Detailed Mechanical Design on schedule
 Final Radiation Analysis Complete

 Final Reliability Analysis Complete

e Detailed Power Estimate/Analysis Complete

e BCE assembly/checkout complete

GSE Unit #1 assembly/checkout complete - #2 in progress

GSE Software development on schedule
e PEV and initial Filament Life Tests performed

e AF, NASA PDR and Confirmation Review action items that
are under UTD control are closed — all inputs submitted
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CINDI
IVM/NWM PEER REVIEW STATUS C/NOFS

*HVPS — Art Ruitberg, GSFC

* 4 recommended actions implemented (details in “analog
circuits”)

*Digital Controller — Initial review by Mike McLelland, SwWRI
* Evaluate need for power/gnd plane in high freq areas
* Check that all outputs are “deglitched”
* Complete back annotated timing analysis
* Follow-up review at appropriate time

*Medium Voltage Power Supplies and Filament Controller- Art
Ruitberg, review in progress
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CINDI
(Gl AF PDR ACTION ITEMS 1 CINOES

,é ) ,l
1. Need information on the mass simulator models; What [CLOSED |AFRL has accepted responsibility for the development and

is the process for developing these models? delivery of all instrument mass models

2. Ensure that instrument stimulators used during all CLOSED |Ion source in Thermal-Vac chamber eliminated with removal of
phases of SV I&T are compatible within the instrument DIDM instrument. Other payload GSE will be evaluated by the
set. Integration & Test Working Group.

3. Explain thermal testing temperature limits in PVS CLOSED |PLITP took the place of the PVS and defines proper test
relative to MRD operating/survival limits and thermal temperature limits

predictions of on-orbit temperature extrenes.
4. Ensure that test temperatures for [IVM and NWM CLOSED |PLITP took the place of the PVS and defines proper test

payload qualification are protoflight temperatures. temperature limits
5. Tterations on IVM/N'WM ICDs need to happen very |CLOSED [NASA has accepted the C/NOFS program ICD development
quickly to ensure ICD is under configuration control by 24 schedule

Aug 01, as needed by UTD for NASA PDR. Need
payload comments by 8/3/01 to get updated ICD by
8/9/01.
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CINDI
\CiNol AF PDR ACTION ITEMS 2 CINOES

6. Need to assess the impacts of the magnetic field (60 |CLOSED |TM-86 written to provide approach; Action open until
mG at 15 cm) generated by the Ram Wind Sensor on completion date for RWS magpet testing is provided
surrounding payload and spacecraft elements

7. UTD should perform magnetic induction measurements |CLOSED |Magnetic measurements performed on C-magnet and field
on the RWS as soon as possible in order to characterize characterized.
the field generated by the internal C-magnet.

8. UTD should provide updated EMI/EMC data on CLOSED |Info provided by UTD on 8/23 and forwarded to Spectrum
internal instrument components as it becomes available
from spec sheets, estimation, and/or testing. DC/DC
Converter information should be provided by Spacecraft
PDR.

9. Provide warning to all Instrument Development Teams This is not a UTD action item
regarding special thermal design considerations needed for
UTDs 1553 chip.

10. Update IVM and NWM dimensions and mass for CLOSED |CLOSED per MRD update
new MRD revision
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CINDI
\CiNDl AF PDR ACTION ITEMS 3 CINOES

11. Provide minimum bend radius information for NWM |CLOSED |Minimum bend radius is 4 inches.
cables to Spectrum for use in harness layout design.

12. Consider the need for thermal-vacuum bakeouts of all Bake-outs being considered by Guy Robinson as part of
instrument hardware prior to instrument-level thermal-vac comprehensive 1&T program.

testing of contamination-sensitive sensors (IVM, NWM,
DIDM, PLP). Consider the need for thermal- vacuum
bakeouts prior to payload module lev

13. Provide drawings/definition of NWM "safing screw" |CLOSED [8/23: UTD (LH) sent drawing with mirror info.
and alignment mirrors, including mounting information, to
Spectrum and AFRL.

14. Provide clear requirements for cleanliness / surface  |CLOSED (Info supplied by UTD (GSFC Thermal Vac personnel).
deposition of thermal-vac chambers that will host UTD
mstruments.
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CINDI
\CINDI NASA PDR ACTION ITEMS 1 CINOES

1. Mission Office to supply comprehensive EMI/EMC  [CLOSED (EMI/EMC requirements are in the S/C to Payload ICD

requirements and UTD to incorporate them into their (1169-EI-Y25125). UTD has incorporated them into the design

design & test plan. and test plan (CINDI Verification and Validation Plan
(UTD139-705)).

2. Consideration should be given to the use of optical CLOSED |We considered optical coupling but instead have incorporated

coupling where at all possible between the instrument and a mode mto the GSE where the PC and GSE can be powered

the GSE. down and the instrument operated from a rechargeable NiCad

battery pack in the GSE. This will allow us to determine if the
source of the observed emissions is the instrument under test or
something external to the instrument.

3. Consideration should be given to a test of the CLOSED |We plan a 1553 hardware compatibility test at Spectrum Astro
mstrument interfaces with the spacecraft at the earliest (SAI) in mid-Jan 02 using the IVU and the SAI Condor 1553
possible date. Test Station containing hardware representative of that used in

the CNOFS S/C bus controller and with associated test
software. The CINDI GSE software will be available for

testing with the IVU in early January 02. AFRL plans to make
available to UTD by 1 Feb 02 a laptop computer that emulates
the flight software and bus traffic and has a 1553 interface.
Since the first digital controller board is scheduled to be
assembled starting 26 Feb 02, the above interface tests will have
already been completed. The full S/C simulator built by SAT will
be available for interface testing at KAFB by 15 April 02.
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NASA PDR ACTION ITEMS 2

C/NOFS

4. The Mission Office needs to obtain the contamination

UTD input to AFRL has been provided.

GSFC prefers the following order for environmental tests:
EMI/EMC, Vibration, and Thermal Vacuum.)

requirements for the various instruments and generate a IN  |CNOFS plan in work. UTD working to CNOFS

comprehensive contamination control plan. PROCESS |draft plan.

5. The length, routing, and tie-down of the intra- OPEN These details for the cables will be determined before cable

mstrument cables needs to be specified in the ICD. fabrication (15 Mar 02) and placed in the ICD.

6. It is recommended that an instrument cold-start be CLOSED |We will demonstrate cold-start capability at -20C.

performed at some reasonable temperature below -10C.

7. The lead stress and/or component mounting methods |CLOSED |A mechanical analysis was performed and the requirements

need to be evaluated for the RadPacks to insure the were satisfied with ample margmn.

mounting of the component will survive the expected

loads.

8. Evaluate the current data available from JPL and CLOSED |Evaluated the subject data and it was not the MCH series used

GSFC to see if it is applicable to the Interpoint power in CINDI. The MCH series parts have radiation tolerance

converters used by CINDL. that exceeds the CNOFS requirements including margin.

9. Consider sending the analog and digital schematics for IN Digital circuits reviewed by Mike McLelland (SwRI), analog

review by a group of mdependent reviewers. PROCESS |circuits without recent flight heritage reviewed/in review by Art
Ruitberg (GSFC). In process of working action iterns.

10. Provide an instrument verification matrix. (Note: CLOSED |Verification matrix provided and test order and rationale

provided.
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NASA PDR ACTION ITEMS 3 CINOES

11. The spacecraft should consider providing active
overcurrent protection to the instruments. Overcurrent
protection needs to be specified and reviewed.

The S/C power interface to the instrument was reviewed in
splinter session at the S/C PDR with AFRL, Spectrum Astro,
and UTD personnel participating. The instrument power will
come froma 3 amp solid state switch, and the line will be fused

at 3 amps.

NWM to the RSAP and the spacecraft reference axes
need to be established and placed in the ICD. Provision
needs to be made by both parties for the measurement of
these alignments in 3-axes.

12. In the future, all the AF and NASA reviews should [CLOSED |All future AF and NASA will be combined.

be combined into a single review for both parties.

13. The schedule needs to show the actual expected CLOSED |(FPGAs were delivered to UTD on 11 Sept O1.

delivery date of the FPGA.

14. Investigate a much earfier delivery date for the S/C  |CLOSED |See Item#3 above.

simulator.

15. The project shall work towards having the ICD CLOSED [ICD's signed by SAI and under configuration control.
sign-off as soon as possible.

16. The specific alignment requirements for the IVM and |CLOSED |Alignment requirements are in the S/C to Payload ICD-1169

-FI-Y25125 and the Mission Requirements Document.
Measurement will be performed on 2-axes. The third axis will
be by analysis.
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\CiNDI NASA PDR ACTION ITEMS 4 CINOES

1’./ﬁPr0v1de prbéurement scheduléé and purchase specs Muttipler specification in SCD 200-25 1 delivery due
for multiplier, filaments, and PEV. 30 Nov 01; Filament received 11 Oct 01; Solenoid
specification in SCD 200-250, received 8 Nov 01

18. Provide additional details on the design of the PEV  |CLOSED |Design details and prototype test program of PEV provided.
and prototype test program. There should be an extended The PEV consists of the solenoid and piece parts built by UTD.
test program of a prototype in a vacuum and over
temperature.

19. Generate the multiplier procurement specification, CLOSED (See Item #17 above.
place the order, and obtain a firm delivery schedule.
20. The entire power input circuit design needs to be CLOSED |All power input circuits have been designed and evaluated for
defined and evaluated to see if a soft-start circuit is soft-start. There is no capacitor directly across the input power
needed. lines. A representative set of Interpoint MCH converters has
been tested for in-rush current under the predicted instrument
load and the results sent to AFRL and Spectrum Astro. The
in-rush current is within specification.
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\CINDI NASA CONFII _I?II;/II\//?'SI'ION ACTION CINOES

1. Request that the USAF baseline the nstrument to the |CLOSED |See Action Item#15 in the NASA PDR list.
S/C ICD.
2. Accelerate the delivery of the S/C simulator to UTD. |CLOSED |See Action Item#3 in the NASA PDR list.

3. Delete the requirement for a one atmosphere thermal |CLOSED |One atmosphere thermal cycle testing deleted from instrument

cyck test of the mtegrated instrument. test plans. Thermal vacuum will be performed at the instrument
level

4. Add anI & T engineer to the UTD team to aid with  |CLOSED |Have contracted with Southwest Research Institute to provide

logistics, planning, and procedure development. services in this area.

5. Conduct peer reviews on the HVPS and RWS. IN See Action Item #9 in the NASA PDR list. Art Ruitberg

PROCESS |(GSFC) reviewed the circuits of the RWS. D.Young (UofM)
reviewed the RWS science. In process of working action items.
6. Consolidate reviews with USAF, avoid duplication if at [CLOSED |See Action Item#12 in the NASA PDR list.

all possible.

38




CINDI
IVM/NWM

CINDI
CONTINUOUS RISK MANAGEMENT PLAN
(CRM)

C/NOFS

(CINDI Plan based on GSFC plan)
* Risk Identification
* Full team participation
* All project elements and phases
* Formulate risk statements
» Risk Assessment
* Risk Planning
* Research
* Accept
* Watch
» Mitigate
* Risk Monitoring
* Risk Handling
e Control
* Communication/documentation




CINDI CINDI CRM C/NOFS

VNN RISK ASSESSMENT
RISK
CATEGORIZATION
* Risk Assessment | — veryLikely 3
= (HIGH
 Assess likelihoodof | 5
occurrence | O
 Assess consequence to % (1\131%)12?11}1;4) )
the project &
e Classify (score) risk @
<

1 2 3

Marginal Critical Severe
C + P = (score) (LOW) (MEDIUM) (HIGH)

CONSEQUENCE (C)
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CINDI CINDI CRM C/NOFS
IVM/NWM RISK MONITORING

 Continuous assessment of risk reduction
 Track mitigation effectiveness
e Ensure risk retirement/acceptable mitigation

41




CINDI CINDI CRM
IVM/NWM RISK HANDLING

C/NOFS

e Risk Handling
e SE is the focal point for technical risk management
* PM manages schedule and cost risk
e Risk Management Board (RMB)

e Meets at least monthly

« PM, SE, RQA, GSE, Mechanical, Electrical,
Science/Software Representatives

« RMB Actions
 Continue current mitigation plan
* Review/revise watch list
e Re-plan
* Close risk
 Invoke a contingency plan

42
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TOP FIVE RISKS

C/NOFS

C/NOFS

TOP FIVE RISK LIST

21 NOV 2001

Rank

Risk Name

Risk
Ow ner

Risk Description

Mitigation Plan

SCORE

W/Out
Mitigation]

With
Mitigation

Time
Frame

Schedule - Assembly
or test delays

Problems in assembly or test could cause
a schedule slip.

1) Parts problems handled per parts mitigation.

2) Early testing of PEV, etc below.

3) Peer review s & Design Review s fo firm design
4) dentify problem quickly & elevate priority.

5) Apply internal and external resources.

6) Augment with overtime w ork

242=(4)

2+1=(3)

NMF

Multiplier faiure

SE

Multiplier faiure causes loss of RWS data.

1) Use mechanically robust multiplier (implemented)
2) Do early vibration test (in process) 3) Use long
Ifetime multiplier (implemented). 4) Provide clean
vacuum environment during test and flight
(implemented) 5) Dry nitrogen backfill during
integration / testing (implemented).

2+2=(4)

241=(3)

NMF

Fiament failure

SE

Fiament failure causes loss RWS or XTRK datal

1)} Provide redundant filaments (implemented).

2) Use soft start circuit for filament heat (implemented).
3) Current limit flament heat output (implemented).

4) Use long-life material w ith high efficiency to

reduce heat (implemented). 5) Do early performance
validation tests (in process). 6) Use minimum required
emission current (implemented). 7) Provide flament
disable plug for protection during ground test
(implemented). 8) Performed extensive fiament

lifetime analysis (implemented)

2+2=(4)

2+1=(3)

NM

PE Valve failure.

SE

PE valve faiure results in inability to equalize
pressures in NWM sensor pressure chambers

1) Use solenod design w ith minimal moving parts
(implemented). 2) Spring load to closed position
(implemented) . 3) Use dry lubrication on solenoid
plunger (implemented) 4) Life test and early
vibration test (in process).

2+2=(4)

1+1=(2)

N.MF

Schedule-documentation
and review requirements.

NASA documentation and review requirements
could overload manpow er efforts of key
personnel at critical times resulting in a
schedule shp.

1) Carefully consider value and impact of added
documentation and / or changes to UTD traditional
approach in light of required delivery dates (NASA /
AF in process). 2) Delay delivery of documentation
to the extent permitted (NASA / AF in process).

3) Obtan Sw Rl assistance (implemented) 4) Hire
experienced RQA engineer (implemented).

5) Develop resource loaded schedule (implemented).

6) Sub-contract PRA effort (implemented).

242=(4)

141=(2)

N.M
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IVM/NWM C/NOFS

INSTRUMENT OVERVIEW
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CINDI o
VM/NWM UTD Instrumentation C/NOFS

Ton Density and Drift Velocity

Retarding Potential Analyzer (RPA)
to measure Kinetic energy of ions
along the sensor look direction.
Ion Drift Meter (IDM)
to measure ion arrival angle
with respect to sensor look direction.

RPA and IDM measure ambient ion flux and thus ion density.

Neutral Wind Velocity

Ram Wind Sensor (RWS)
to measure Kkinetic energy of neutrals
along the sensor look direction.
Cross-Track Wind Sensor (CTS)
to measure neutral arrival angle
with respect to sensor look direction

RWS measures an ionized fraction of the neutral gas.
- CTS measures a neutral pressure ratio
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vmnwm  CINDI MEASUREMENT APPROACH C/NOFS

JIon Density and Drift Velocity

Retarding Potential Analyzer (RPA)

to measure kinetic energy of ions along the sensor look direction.
Ion Drift Meter (IDM)
to measure ion arrival angle with respect to sensor look direction.

RPA and IDM measure incoming ion flux and thus ion density.

Neutral Wind Velocity

Ram Wind Sensor (RWS)

to measure kinetic energy of neutrals along the sensor look direction.
Cross-Track Wind Sensor (CTS)

to measure neutral arrival angle with respect to sensor look direction

46




CINDI

IVM/NWM PRINCIPLES OF OPERATION C/NOFS

IVM and NWM measure 3 mutually perpendicular components bf the velocity.

RPA and RWS Measure
Ram Component L_

Dominated by Satellite Velocity

Derived from measurement of the kinetic VERTICAL
energy of the gas along the sensor look

direction. i.e. along the ram direction.

1
KE=5m(VSr +V,,)2+el//>’< RAM

* Not required for RWS

CROSS-TRACK
HORIZONTAL

IDM and CTS Measure Cross-Track Component V, and V,

Derived by measuring vertical and horizontal arrival angles.

V,=(v, +V,Janar 5 V,=(V, +V, )en




CINDI ARRIVAL ANGLE MEASUREMENT C/NOFS

IVM/NWM

Ion Drift Meter

'y

¢ ’

y PLLLLL d"
AT
I I1

o

_Ii _ W%—Dtan o
12 %+Dtanoz

Arrival angle proportional to
Current Ratio

Cross-Track Wind Sensor

Vg —

cos(o — s))

I &
V,= GCln| 2| =G,Cln
P cos(a + €)

2

Arrival angle proportional to
Pressure Ratio
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CINDI
IVM/NWM KINETIC ENERGY MEASUREMENT C/NOFS

107
E 1o _'"‘-._._._.ﬁ_.__t__‘x
Retarding Grid E 10% - ‘m\_x
[ - - ------z-ZZ----j-z-zzooc:st .'.'_'_'_'I.’{_':_'II_‘_‘_'_'_'I_'.' ..g 104— ™
Suppressor Grid 0y 1070 \\
/ g N
[DII/CIiIiIIiIiiyoIoiIooIiziiyociiiziiiiizizzzizzzil B oot 4
”:'-Iz_l | | 1 T ]
d(P —Evl_l f3f ! —B2f? | o 2 4 6 g8 10
(P)= 27| rer +ﬁﬁV exp( )J Retaiding Valtage
where
F=V,—( P/m)]/2 Output Current depends on Input Flux.
P=g(R +vy,) Input Flux Modulated by Retarding Potential.
B = (m/ 2kT)"? Functional fitting yields Ram Drift of Particles.

V.= —(Vd +17s)ﬁ

7A = unit normal in look direction of sensor
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CINDI

IVM/NWM IVM OPERATIONAL PROFILE

C/NOFS

IDM

Horizontal / Vertical fixed or alternates every 1/8 or 4 secs
Difference Amplifier Output Sampled at 128 Hz

16 bit samples
4 Log Amp Outputs Sampled sequentially at 16 Hz

16 bit samples

RPA

Retarding Grid Voltage Stepped at 32 Hz
Sweep Sequence Selected from Memory; One of 8 Blocks with 32 Locations
32 Steps can comprise 1 sweep ; 2 sweeps ; 4 sweeps
Electrometer Output Sampled at 32 Hz
16 bit samples

Total Telemetry Rate ~ 3 kbps including housekeeping and packetization




vanwm  NWM OPERATIONAL PROFILE

C/NOFS

CTS

Horizontal and Vertical arrival angles measured separately with
2 Difference Amplifier Output each Sampled at 8Hz

16 bit samples
4 Log Amp Outputs Sampled sequentially at 16 Hz

16 bit samples

RWS

Retarding Grid Voltage Stepped at 32 Hz
Sweep Sequence Selected from Memory; One of 8 Blocks with 32 Locations
32 Steps can comprise 1 sweep ; 2 sweeps ; 4 sweeps
Electrometer Output Sampled at 32 Hz
16 bit samples

Total Telemetry Rate ~ 1.5 kbps including housekeeping and packetization
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CINDI SYSTEM REQUIREMENT ANALYSIS
IVM/NWM POINTING C/NOFS

e Pointing Requirement Imposed on the Spacecrait
e Boresight Knowledge +/-0.1 deg
e Boresight Attitude Control +/- 2 deg

e The above includes entire S/C budget (alignment and
pointing)

 IVM and NWS measure velocity wrt the S/C, so the S/C
velocity must be removed to obtain the ambient drift.

*DC errors will be removed during data processing

e Internal sensor alignment contributes less than .01 degrees
to error budget

20
g~

Above requirements captured in ICD and satisfied by S/C design.




CINDI
IVM/NWM IVM/NWM ALIGNMENT BUDGET C/NOFS

* Instrument internal error - <0.01°
* Boresight to alignment mirror analysis
* Instrument mirror to SV ref - 0.015°
* Measurement error - 0.005°
e On-orbit shift error - 0.010°
* SAI 1169-EI-Y25125 (S/C to PL ICD)
Attitude control system uncertainty - < 0.03°
e SAIPDR
Verification methods
* Pitch and yaw verified by measurement
* Placement within 0.05° of SV reference
* Roll verified by instrument/RSAP mounting analysis
» Placement within 2.0° of SV reference
Combined uncertainty - 0.055°
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CINDI
IVM/NWM SYSTEM REQUIREMENT ANALYSIS C/NOFS

Field of View

* IVM: +/-45 deg hemispherical from edges of sensor faces

* NWM: +/-45 deg from boresight, hemispherical for each sensor
Intrusions must be >2 meters away
No intrusions in front within a 25 cm. Radius of each sensor

On-Orbit Data Requirements

*Time code and time sync

Timing Requirements

* Relative to other instruments: 100 ms.

*To absolute UT: 0.5 sec

Above requirements captured in ICD and satisfied by S/C design




CINDI C/NOFES
IVM/NWM SYSTEM REQUIREMENT ANALYSIS

Orbit

* Ephemeris Prediction
NWM operations
Weekly turn-ons scheduled relative to UT of perigee.

Predictions of UT or perigee required 1 week in advance
with <1 min accuracy.

Campaigns
UT of closest approach to geographic location required 3-
months in advance with 0.5 hour accuracy.

* Post-Processed Ephemeris
Data Interpretation
Geographic position of satellite known within
0.1° Latitude ; 1° Longitude ; 2 km Altitude

Above captured in CNOFS Data Center ICD




CINDI SYSTEM REQUIREMENT ANALYSIS
IVM/NWM THERMAL C/NOFS

* Conduction via box mounting surface
e Operating Limits: -10°C to +40°C
e Survival Limits: -30°C to +60°C
e RAM Aperture Surface: -40C to +100C
*Test Temperatures
e Operating Limits: -20°C to +50°C
e Survival Limits: -35°C to +65°C

e Demonstrate cold start at —20C

Above requirements captured in ICD and verified by analysis and test
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CINDI SYSTEM REQUIREMENT ANALYSIS C/NOFS
IVM/NWM EMI/EMC

* No S/C magnetic fields >100 milliGauss in IVM FOV

e Stable vehicle potential near the plasma potential required
for IVM

* No exposed positive potentials
e Conducting area on S/C RAM face for ion collection
e No electric field susceptibility at predicted levels

e General EMI/EMC requirements addressed in Integration
and Test section

Above requirements captured in ICD
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CINDI SYSTEM REQUIREMENT ANALYSIS

IVM/NWM S/C Charging and Mag/Electric Fields C/NOFS

« Extensive analysis of S/C design indicates a stable, ideal
vehicle potential within 1.5 volts of the plasma potential

e  GSFC solar panel design — hidden potentials, ITO
coating

e 50 mG S/C allotment in IVM FOV

e 50 mG instrument allotment in IVM FOV
e RWS ion source magnet <20 mG at 20 cm.
e PEV solenoid < 5.5 mG at 20 cm.

e No other significant instrument magnetic sources
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CINDI

IVM/NWM IVM/NWM MAGNETIC SOURCES

C/NOFS

* IVM contains no magnets

* RWS ion source contains a permanent magnet

* <20 milligaus at 20cm (approximate RWS to IVM distance)

* <3.5 nanoTesla at 1 meter (approximate distance to MAG = 1.6m)

* CTS contains a solenoid

* Low "on" duty cycle

* 3 actuations/orbit, 16 seconds/actuation (nominal)

50 milliseconds full power, ~16 seconds holding power

* Measured stray field - worst case field component

(calculated)

OFF Full Power Hold
at 20cm 5.5mG 152mG 38mG
at 1 meter 29nT 1176nT 294nT
at 1.5 meter | 9nT 350nT 87nT




CINDI SYSTEM REQUIREMENT ANALYSIS C/NOFS
IVM/NWM TELEMETRY

* TELEMETRY RATES
*IVM - 3072 bps constant, all modes
*NWM - 1536 bps constant, all modes
* 4 Second latency(4 second data packet buffered in instrument)

e Bit Error Rate — nominal 10

Above requirements captured in ICD
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CINDI SYSTEM REQUIREMENT ANALYSIS C/NOES
IVM/NWM COMMANDS

* One 16 bit command word
* Latch address and 8 bits command data
* JVM — 1 addressable command latch, 22 possible data values
* NWM — 9 addressable latches, <256 possible data values each
* Max Command Frequency - < one command/sec
* NWM - 3 commands/orbit typical
* IVM - minimal commanding after early orbit checkout

e No time-critical commands

Above requirements captured in ICD
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CINDI
IVM/NWM

REQUIREMENTS FLOWDOWN

C/NOFS

CINDI PROPOSAL

TECHNICAL \l/

ERD *
(EXPERIMENT

REQUIREMENTS
DOCUMENT)

C/NOFS
SCIENCE

CINDI
SCIENCE

AIR FORCE MRD
(MISSION REQUIREMENTS DOCUMENT)

y

y

y

SPECTRUM ASTRO
ICD'S
IVM-EIY25804
NWM-EIY25805
S/C to PL-EIY25125

AFRL
INSTRUMENT
DEVELOPMENT
GUIDELINES
(IDG)

AFRL
CNOFS
PAYLOAD
INTEGRATION
TEST PLAN
(PLIPT)

IVM:UTD 139-702

(IRD)

INSTRUMENT REQUIREMENTS DOCUMENT

NWM: UTD 139-703

NOTES:

1. ICD, IRD & VVP contain
verification matrices

2.  IRD specifies instrument
measurement requirements

3.  ICD controls all
instrument/spacecraft
interfaces

4. MRD controlled by Air Force

5. ICD controlled by Spectrum
Astro

6. IRD & VVP controlled by
UTD '

* not maintained

CINDI
VERIFICATION
AND
VALIDATION

PLAN

UTD 139-705




SCIENCE MEASUREMENT

VMW REQUIREMENTS CINOFS
PRIMARY MEASUREMENTS
Source: CINDI Proposal and C/NOEFS Science
Parameter Dynamic Range Accuracy
1. Ion Drift Vector -500 m/s to +500 m/s + 2 m/s
2. Neutral Wind Vector -500 m/s to + 500 m/s + 10 m/s
SECONDARY MEASUREMENTS
Source: C/NOEFS and CINDI Science
Parameter Dynamic Range Accuracy
3. Total Ion Concentration . 50 to 5x10° cm3 1%

4. Ion Temperature 500 to 7000 K 50 K
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CINDI
IVM/NWM

MEASUREMENT ENVIRONMENT

C/NOFS

8.

9.

PARAMETER

. Total Ion Concentration
. Ion Mass Range

. Ion Temperature

Total Neutral Concentration

Neutral Mass Range

10. Neutral Temperature

DYNAMIC RANGE
50 to 5x106 cm?
1 to 32 amu
500 to 7000 K
6x10° to 6x108 cm™3
4 to 16 amu

500 to 4000 K

o4




CINDI FLOW DOWN REQUIREMENTS C/NOFS

VIR ENGINEERING MEASUREMENTS
Source # Parameter Value
3,5 RPA Current Range 3x101t03x10°A
3 RPA Current Accuracy 1 %
6,7 Max RPA R.V. 19V
1,4 RPA R.V. Accuracy 3 mV
1,5 IDM Current Range 5x101 to 6 x107 A
1 IDM Max Current Ratio 1.27
1 IDM Curr Ratio Resolution  1.0006
8,10 RWS Current Range 4x101 to 4 x10° A
8,9,10 Max RWS R.V. 10V
2,10 RWS R.V. Accuracy 7 mV
2,8,10 XTRK Current Range 3x101to3x10° A
2 XTRK Max Current Ratio 1.086

2 XTRK Current Ratio Resolution 1.001




CINDI
IVM/NWM VERIFICATION MATRIX C/NOFS

See attached file "Verification and Validation Matrix.doc"
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CINDI
IVM/NWM DESIGN HERITAGE 1 C/NOES

IVM - DMSP, ROCSATI, AE, DE, OGO-F

e Repackaged to eliminate separate Ebox

e Modified controller/1553 interface design — used in IVM
and NWM - Peer Review by Mike McClelland, SwRI

NWM - Sensors developed and tested in the laboratory

e Subsystem heritage.

 XTRK 1on gauge — standard Bayard-Alpert gauge
flown by others — initial UTD development for NASA
AFE experiment— further development /testing on
NASA PIDP grant

e XTRK pressure ratio circuits — IVM
 RWS retarding potential generator — IVM
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CINDI
IVM/NWM DESIGN HERITAGE 2 C/INOFS

» Filament/emission regulators — sounding rockets, Pioneer
Venus, Apollo - Peer Review by Art Ruitberg, GSFC

* RWS ion source — sounding rockets, Pioneer Venus,
Apollo, AE - Peer Review-mag field containment by Mario

Acuna, GSFC

* High Voltage Power Supply — AE, Pioneer Venus, Apollo,
sounding rockets - Peer Review by Art Ruitberg, GSFC

e Medium Voltage Power Supplies — San Marco, ROCSAT1
— Peer Review by Art Ruitberg, GSFC

e RWS log electrometer — DMSP
e A/D and analog multiplexing — ROCSAT1,DMSP,others
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CINDI DESIGN HERITAGE 3

IVM/NWM C/NOFS

* Prototypes of all RWS and NWM sensor boards built and
tested over temperature

*XTRK pressure ratio circuits
eFilament/emission regulators
*High Voltage Power Supply
*Medium Voltage Power Supplies

 RWS prototype sensor with multiplier/ion source built and
extensively tested in vacuum chamber

* Crosstrack Sensor extensively tested and developed under
NASA PDIP grant

» Prototype of Digital Controller/1553 interface in a.ssembly69




e 1553 INTERFACE OVERVIEW CINOFS

* 1553 interface implemented with rad-hard DDC BU65142
* Data packets
* Commands
* Time Code/Time Sync

* Simple, repetitious operation in selected mode

* Evenly-spaced sampling of primary data

* Digital controller implemented in Actel FPGA with field
programmable PROM for decoding data sample/store times




CINDI
IVM/NWM

INTERFACE BLOCK DIAGRAM

NM/NWM INTEREACE BRI QCK DIAGRAM

SCIENCE DATA FROM
SUBADRESSES 1-24(IVM) OR

C/NOFS

BUS A ¢ ) READ PORT FROM
< P> ADDRESS _» DUAL PORT CONTROLER
15533 RAM ¢— oama
1558 RT (SEE NOTES) write [@—— aoDRESS
BC IN PORT i —— rerownrme contoL
IN BUS B IVM (RT 3) COMMAND DATA WORD
S/C < ’L OR TO SUBADDRESS 1, WORD 1
NWM (RT 4) [0, i svrecoara  u| ADDRESSABLE
P commanD

LATCHES

IVM-1EA

NWM-9EA

TIME (B:TO:?I[;CAST 32 BIT
NOTES . TIME CODE _>TO DATA PACKET
® PING- PONG OUTPUT BUFFERS A AND B IN REGISTER
DPR
® 4 SECOND DATA PACKET WRITTEN TO BUFFER A OR B
SUBADDRE S 1-24(lVM -12(N READ TWICE TSYNC

® N30 SECoNDs | OF TIEN ¥ rup-Fue
® PACKCNT IN SUBADDRESS 1, WORD 1
® CHANGE IN PACKCNT USED BY BC TO TRIGGER SCIENCE —’ TO MSB OF

DATA STORAGE EACH DATA SAMPLE

@ STATE OF HEALTH (SOH) DATA IN SUBADDRESS 1

® |VM PACKET SIZE = 768 WORDS
® NWM PACKET SIZE = 384 WORDS




CINDI 1553 SCHEDULE A C/NOFS

IVM/NWM

C/NOFS MIL-STD-1553B SCHEDULE 1.2 June 19, 2001

ALL PAYLOADS IN BURST MODE BUT VEFI

SCHEDULE A

CYCLEO

() = Number of packets

Broadcast Time

[ } = Sub-address(es)

Broadcast Synch

CORISS Data(19)[1-19)]

VEFI Data(4)[2] |

CYCLE 1

CORISS Data(19)[1-19]

e )
VEFI Data(4)[2]

CYCLE 2

CORISS Data(19)[1-19]

VEFI Data(4)[2]

CYCLE 3

CORISS Data(19)[1-19]

VEFI Data(4)[2]/

VEFI TDRSS(1){1]

VEFI TDRSS(1){1]

VEFI TDRSS(1){1]

VEFI TDRSS(1)[1]

CYCLE 4

CORISS Data(19)[1-19]

VEFI Data(4)[2]

CYCLES

CORISS Data(19)[1-19]

CYCLE 6

CORISS Data(19){1-19]

CYCLE 7

CORISS Data(19)[1-19]

CYCLE 8

CORISS Data(19){1-19]

CYCLE9

CORISS Data(19)[1-19]

VEFI Data(4){2] VEFI Data(4)[2] VEFI Data(4)[2] VEFI Data(4){2] VEFI Data{4)[2]
SKi ~ ,

K




CINDI 1553 SCHEDULE B
IVM/NWM CINOFS

SCHEDULE B
CYCLE 0 () = Number of packets
Broadcast Time . [ 1= Sub-addresses
Broadcast Synch
CYCLE 1 CYCLE 2 CYCLE 3 CYCLE 4
CORISS Data(19)[1-19] CORISS Data(19)[1-19] CORISS Data(19)[1-19] CORISS Data(19)[1-19] CORISS Data(19){1-19]

i

VEFI Data(4)[2] VEFI ata(4)[2] VEFI Data(4)[2] VEFI Da(4)[2]
VEFI TDRSS(1)[1] VEFI TDRSS(1)[1] VEF! TDRSS(1)([1] VEFI TDRSS(1)[1]

VEFI Data(4)[2]

CYCLE 5 CYCLE®6 CYCLE 7 CYCLE 8 CYCLE 9

CORISS Data(19)[1-19] CORISS Data(19)[1-19] CORISS Data(19)[1-19] CORISS Data(19){1-19] CORISS Data(19)[1-19]

VEFI Data(4)[2] VEFI Data(4)[2] VEFI Data(4)[2] VEFI Data(4)[2] VEFI Data(4)[2]
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CINDI
IVM/NWM

INTERFACE TIMING ANALYSIS

[VM WORST CASE READ/WRITE TIMING

SCHEDULE 1 (nd

C/NOFS

SUBADDRESS #

BUFFER A READ

BC READ TIMES

RT WRITE BUFFER B
(Takes 4 secs)

SUBADDRESS #

BUFFER A READ

BC READ TIMES

RT WRITE BUFFER B
(Takes 4 secs)

SUBADDRESS #

BUFFER A READ

BC READ TIMES

RT WRITE BUFFER B
(Takes 4 secs)

SUBADDRESS #

BUFFER A READ

BC READ TIMES

NDTES:

1. READ/WRITE OPERATIONS
ARE ASYNCHRONOUS

2. IVM DATA PACKET IS 768
WORDS - 4 SECS

3. DATA PACKET STORED IN
SUBADDRESSES 1-24

4, PACKET COUNTERCPACKCNT)
IN SUBADDRESS 1

S. CHANGE IN PACKCNT TRIGGERS
BC DATA STORAGE

Completion of Buffer B Write
Switch BC Read to BufferB
Switch RT Write to Buffer A
(Switching disallowed if BC

is reading subaddress 1)
Continue above 4 sec cycle

1 2 56 7 9 10 112
] | | | | | | ] | | |
™01 sees | 01 secs | 01 secs | 0l secs | 01 secs | 01 secs | 01 secs | 01 secs | 01 secs | 0l secs
(To subaddr 1,
Schedule 2, n>
. /
I 7
SCHEDULE 2 ()
13 14 15 16 17 18 19 20 2l 22 23 24
/
| ! 1 | | ) ] o | N ]
© 01 secs | 01 secs | 01 secs | 01 secs | 0l secs ' 0l secs | 01 secs | ol secs | 01 secs | 01 secs
(To subaddr 1,
Schedule 1, n+l)
ya /
/ 7
SCHEDULE 1 (n+1D
1 2 3 4 S6 7 8 9 10 112
le | e | | | ! | | | 4
l 01 secs ! 01 secs T 01 secs T Gl secs T 01 secs T 01 secs r 01 secs ™ 01 secs I 01 secs ! 01 secs
(To subeddr 1,
Schedule 2, n+1)
L /
/ 7
<0.001 SECS
SCHEDULE 2 (n+1D
13 14 15 16 17 18 19 20 21 22 23 24
H /
le— } | | § | ] | | ] |
r 01 secs | 01 secs | 01 secs | 01 secs | ot secs | 01 secs | 0L secs | 0t secs | 01 secs | Py 01 secs l

o subaddr 1,
Schedule 1, n+2>

KT WRLIL BUrreR B
(Takes 4 secs)




CINDI
IVM/NWM 1553 INTERFACE VERIFICATION C/NOFS

* Instrument GSE emulates S/C 1553 fixed schedule

* Mid-Jan 02 test with Interface Verification Unit(IVU) at SAI
with representative S/C 1553 hardware

* IVU 1s prototype of IVM/NWM controller
* Hardware compatibility verification

* Feb 02 test with Interface Verification Unit(IVU) and AFRL
interface simulator at UTD — bus traffic simulation

* April 02 flight instrument tests with S/C simulator
* Integration tests with payload module at KAFB

* Integration tests with S/C at Spectrum Astro
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CINDI
IVM/NWM POWER INTERFACE VERIFICATION C/NOFS

* Early analysis of S/C power interface completed

* C/NOFS Systems Engineer performed early review of
IVM/NWM power interface

* Instrument GSE emulates power interface
* Surge/inrush current measurements at UTD

* IVM/NWM will comply with inrush current
specification

* Most frequent power switching is internal to NWM via 1553
* Verifiable using GSE

* Interface verification during payload module testing at
AFRL




CINDI
IVM/NWM INTERFACE COMPLIANCE SUMMARY C/NOFS

* All interface requirements expected to be met except for the
magnetic field requirement

* Mag specification: Less than 50 mG at 20 cm.
Less than 50 nT at 1.5 meters
* Out of spec when solenoid is energized
e Infrequent, known, short duration actuations

* Waiver required




CINDI

IVM/NWM C/NOFS

MECHANICAL DESIGN




CINDI
IVM/NWM SA RSAP DESIGN STUDY C/NOFS

- [00] VM
n\lee
= RSAP
b= ﬂlﬁ )
XTRKS

RWS
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CINDI
VI/NWM SA RSAP CONFIGURATION CINOFS

DM
FRONT MOWNTED

: O
{FRONT mmsm\
i - ,—GOLD PLATED APERTURE PLANE

REAR MMT@H\‘ ] /

WM RAM WIND SENSOR
REAR MOUNTED) N\

% / \\,_|-—NWM CROSS-TRACK WIND SENSOR
i g FRONT MOUNTED)
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CINDI
IVM/NWM

C/NOFS RAM SURFACE INSTRUMENT

C/NOFS

ACCOMMODATION ILLUSTRATION
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CINDI
IVM/NWM

ION VELOCITY METER
OUTLINE/INTERFACE

C/NOFS

T8D
SV INTERFACE CONNECTORS
TBD —=— - .
0050 (0 127cm) GAP —=A 1™ £ £
TBD BETWEEN RSAP 83 =8
875 AND SENSOR o5 og CONNECTORS
(22 23cm) . = J1 [POSITRONIC SNDIM2000G__(PWR/TLM)
. X o\ p J2 [ TROMPETER BJ3157
J1 J2  J3 * J3 | TROMPETER BJ3157
® e e
z © g | RO 187
§§ a § 5 g gg’ 0143 (RO 475cm)
-3 ‘ e SR (0 3630m) J1 PIN/ FUNCTION
= B : = - 0230 PIN FUNCTION
f T : T ' (0 584cm) J1-1]+28 VOLTS
DM RPA TYPICAL CONTACT EAR J1-6]+28 VOLT RETURN
= Bl I]]; 1 | J1-5{IVM TEMP (ANALOG TM)
/ y__________ — iy p——— f J1-9/ANALOG TM RETURN
45 },‘/ Naase SV MOUNTING SURFACE
A e PLANE o VELOGITY N YELLOW TYPE 3 CHEMFILM
QQ VECTOR BRIGHT GOLD O'L APERTURE PLANE SURFACE
24210 (@10 693c +X PLATING ’ \ YELLOW TYPE
gOfgi é% 516cm) THRU iomsmé OF EAHS"‘) oars BOTH SENSORS 55910 CHEI\?FILM °
([0 005 a2 (29 53cm) (©10 008cm) 'S‘OL “ ~— 025 (0 64cm) TYP
(#10-32 SCREWS W/FLAT n% @4 400 (D11 176cm)‘ N T g 115
WASHERS) Py py S - L OUTSIDE OF EARS 450\‘[ | (381mm)
' = £
& Ja\! /
® S8 oeo(szmt@® 1| F NOTES
© MIN. CLEARANCE
€ P T * Z NT\ZD":‘ + FOR (S:V MOUN%NG ‘ € 1 DIMENSIONS ARE IN INCHES WIiTH CM SHOWN
@ b § 3 '03 INTERFACE (TYP) ! ’ﬁl 3 g IN () UNLESS OTHERWISE NOTED
oM —= oF * _ 1 2 ©o 2 ® CENTER OF MASS ESTIMATE
=TTisls &8¢ ok , = |7 3.SURFACE FINISHES ARE INDICATED IN FIELD
22 o2 58 /L’ U ‘ OF DRAWING
® ‘ i T €©  PROTECTIVE | ~7 <Z]LOCKING NUTS OR INSERTS IN SV- TORQUE
OVER o 35 IN-LB OVER LOCK RESISTANCE
? * ENVELOPE | Zﬁ CKRESIS
w ¥
\ GOLD-TO-GOLD o YELLOW TYPE 3 CHEMFILM
0250 —sL |w— 2475 4300 CONTACT EARS <
(0 64cm) (6 287cm) (10922) TBD (R TBD —] e
le—— 4EQSP ?5 g 73212 )= (9 :50 )4— / \_ SV MOUNTING SURFACE
SV MOUNTING INTERFACE B720m)=(23.495cm SURFACE FLATNESS 0 001 INCH/INCH
BRIGHT GOLD PLATED ( )
AREA 0 50 (1 27cm) ALL AROUND 9.750 FOR GOLD-TO-GOLD —= V‘(o"aii?n ) (0 0025 cvcm)
(24.765cm) CONTACT WITH RSAP TYP




CINDI
v 1ON VELOCITY METER X-SECTION CINOFS

SV INTERFACE CONNECTORS

— I e B N
il i ~ ~
s PV
| |
f s [ / / 7 A, E
| |
7 Z |
| |
| Wz |
SV MOUNTING T .
SURFACE B
DRIFTMETER
VELOCITY
VECTOR

83




CINDI IVM HIGH LEVEL DRAWING TREE

IVM/NWM

C/NOFS

ION VELOCITY METER

RPA SENSOR

DM SENSOR

PLATE/COVER

MISC DETAILS

IVM GSE

PWA-IVM-1

PWA-IVM-2

PWA-IVM-3

TYPICAL PWA

SCHEMATIC

ARTWORK

DRILL DRAWING

ASSY DRAWING

PARTS LIST
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CINDI
IVM/NWM NEUTRAL WIND METER

C/NOFS

NEUTRAL WIND METER
ELECTRONICS

S/C INTERFACE

CONNECTORS (3) SENSOR INTERFACE

CONNECTORS (3)

@5.30
(213.46cm)

26 85
(217.40cm)

CROSS-TRACK
WIND SENSOR
&
RSN
p
S/C MOUNTING SURFACE
O»P (APPROXIMATELY COPLANAR WITH
NOTES: IVM RAM SURFACE APERTURE PLANE)
- VENT LENGTH TO BE ADJUSTED TO FIT SV, TOP OF CYLINDER
Ve
« ALL DIMENSIONS ARE PRELIMINARY UNTIL ~ 52 (APPROXIMATELY COPLANAR WITH

DETAILED DESIGN IS PERFORMED. %, IVM RAM SURFACE APERTURE PLANE)

- DIMENSIONS ARE IN INCHES WITH CM SHOWN RAM WIND SENSOR
IN () UNLESS OTHERWISE NOTED.
. MASS- 6.0kg (INCLUDES 0.2kg FOR
INTRA NS TRUMENT CABLES) VENT TO OUTSIDE THE UNIVERSITY OF TEXAS AT DALLAS/
- INTRA- INSTRUMENT CABLES ENCLOSED OF SiC GODDARD SPACE FLIGHT CENTER
IN EMI SHIELD AND FABRICATED BY UTD MAR. 24, 2000
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CINDI NWM XTRK WIND SENSOR CINOFS
IVM/NWM OUTLINE/INTERFACE

£0.203 (0.516¢m) THRU
® SV MOUNTING SURFACE
8 HOLES EQ SP ON Al6 350](16.1cm)B C. (SURFACE FLATNESS 0 001 INCH/INGH) ®

BRIGHT GOLD PLATING (] @ .005] {0.0025 criem)
(#10-32 SCREWS W/FLAT WASHERS) (APPROXIMATELY COPLANAR WITH
<4]

IVM RAM SURFACE APERTURE PLANE)

% BRIGHT GOLD PLATING
—— — 0.60 (152cm)® SV MOUNTING INTERFACE
APERTURES (4) 3 BRIGHT GOLD PLATING MIN CLEARANCE \ AREA 0 50 (1.27cm) ALL AROUND
BACKFILL CONNECTION / FOR SV MOUNTING \ ®
ENVELOPE )\ 7
— r - @ T
t —_—
| &
E =8
= LB h £ °a
wE -——— . . — ‘ &
88 B - & x[ sFes
a2 e (S mg ’ \
8 R R
| =
)
i \
i e
(4.6cm)
=—1.20
———— @530 J : YELLOW TYPE 3 INTRAINSTRUMENT
(@13 46cm) CovER VE 038w w3050 CHEMFILM g, CONNECTORS
26.85 ENVELOPE (0:97cm)
(@17.40cm) @ -— 290 —ej=——— 535 —— =
(7.37cm) (13.59cm)
8.25 REF
33 | (20.96cm REF)
SHORTING SCREW- LOCATED (8:45m) CONNECTORS
ON A[6 060](15.4cm)B.C. J1]POSITRONICSND37M2000G
(@@ 010 J2|POSITRONIC SND25M2000G
FILAMENT / HV DISABLE
NOTES: SHORTING SCREW
1.DIMENSIONS ARE IN INCHES WITH cm SHOWN
iN () UNLESS OTHERWISE NOTED. RSAP
2.6 CENTER OF MASS ESTIMATE (0 Foom) o
3.SURFAGE FINISHES ARE INDICATED IN FIELD OF DRAWING. SHORTING SCREW DETAIL
<ZILOCKING NUTS OR INSERTS IN SV- TORQUE NOTCH OR POCKET REQD IN RSAP
35 IN-LB OVER LOCK RESISTANCE. TO PROVIDE 005 MIN CLEARANCE

FOR SHORTING SCREW SUBASSY
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CINDI
IVM/NWM NWM XTRK SENSOR X-SECTION C/NOFS

APERATURE (4)

INTRA-INSTRUMENT GAUGE (4
CONNECTORS (2) SOLENOID )

XX

AANP.NY. Y

AN

/A

/
4
/ 3
// £ N o
V.
1 _,' pi - .
HE /4 @) C Y
/
4 &~ 7 N
H@ WS (D, @)
! A A
1 I o]
§ NG
! NS, 4
1 @ D, IO (19)
\ 18,1809, 2
3
W\ &
A
A\
y\
A

XX X X XXX XX

==
<

W

SV MOUNTING
SURFACE




CINDI

IVM/NWM XTRK PEV DETAILS C/NOFS
SOLENOID MOUNT STOP/INDICATOR ASSY (3)
SOLENOQID PLUNGER VITON O-RING - g SEALING PLATE
S VITON
SOLENOID %%/ %
A Y
(G.W. LISK XP-2080) . VALVE PLATE TRAVEL
7777 2
BV o4s7 = LLI8
\\\w>v fild °
\\ L 1822 > CHAMBER OPENINGS (4)
1,729
NN\ N
SOLENOID-
* VACUUM SEALED VITON O-RING
* SPACE QUALIFIED MATERIALS \ VALVE PLATE
* MICROSEAL PLUNGER LUBE 2
* THERMALLY TIED TO TEMPERATURE
SPRING
CONTROLLED DECKPLATE NN
* RESISTANCE 176.4/215.6 OHMS @ 25°C  (LEE SPRING CO.
* FORCES- C055X1200S) DECKPLATE
PULL- 0.46 LBS. MIN @ 0.20 INCH (TEMPERATURE
HOLD- 0.60 LBS. MIN @ 0.05 INCH VITON O-RING CONTROLLED)

SPRING-

® 3.5 LB/IN RATE

* WIRE DIA.- 0.054 INCH
*0O.D.-1.0INCH

* STAINLESS STEEL
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IVM/NWM XTRK ION GAUGE X-SECTION C/NOFS

HEADER
DUAL FILAMENT
% BAFFLES
COLLECTOR O-RING SEAL

GRID
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NWM RAM WIND SENSOR
OUTLINE/INTERFACE

CINDI
IVM/NWM

C/NOFS

|e——— 4EQSP@[(7iBFEB2] —»

SV MOUNTING INTERFACE AREA
050 {127cm) ALL AROUND

®

APERTURE
|=— 0.250 (4.364cm) (17.45¢m) 20.203 (0 5160m) THRU
(0.635cm) <z 14 HOLES
T T T E
— — < — / T (#10-32 SCREWS W/FLAT WASHERS)
5
f HE
Q| <
. / o
= —_— ] —_
5f sf sl l i g
£ 2 | } ]
T 2 Pl oFE E g e
SEle [T 8 ait
NS g § 8 <o 8
eIz e Lo
et =%
4 4
{" ! 430 ?
g2 || (10.92cm)
P 4,960
C@_’ e il SVVELOCITY
7372
|_— BACKFILL CAP
(16.720m) " ENVELOPE
PROTECTIVE COVER 92,72 —w=i .
@® YELLOWTYPE3 ENVELOPE (26.91cm - o
CHEMFILM 208 —|—aE < TOP OF CYLINDER
BRIGHT GOLD PLATING (92.03cm) __ £ —-83 (APPROXIMATELY COPLANAR WITH
w ,_Tv VM RAM SURFACE APERTURE PLANE)
N | s2
| ~=— 0.60 (1.52cm) I =~
MIN. CLEARANCE & | = f
FOR SV MOUNTING | 23120 | éﬁlén.h%« YTYPES @)
* INTERFACE (TYP) @ 9250m) 1 25 oH
82 oF
- E \/ | o~ 2 g 8
23 | . i“ i e
_ A o -
LE . | - SV MOUNTING SURFACE ®
=8 T ; (SURFACE FLATNESS 0.001 INCH/INCH)
2 ® i (0.0025 cmi/cm)
z * — (YELLOW TYPE 3 CHEMFILM)
§ _
R 2 g YELLOW TYPE 3
o VENT TO OUTSIDE = CHEMFILM
OF sV | e
(3/8 INCH O D TUBE
STAINLESS STEEL |
SWAGELOCK FITTING) W g\\ ® %;CONNECTOR
. | (® [J1]POSITRONIC SND37F2000G
‘\ | 006 |
8D X YELLOWTYPE3 (g)
- 070 —#] |w— 297 —m=i CHEMFILM
NOTES —={080 577 (1778cm) (7 54cm)
1. DIMENSIONS ARE IN INCHES WITH CM SHOWN  {2.03cm) {14.660m)
IN () UNLESS OTHERWISE NOTED INTRA-INSTRUMENT
CONNECTOR

2 & CENTER OF MASS ESTIMATE
3. SURFACE FINISHES ARE INDICATED IN FIELD OF DRAWING.
<Z]LOCKING NUTS OR INSERTS IN SV- TORQUE

35 IN-LB OVER LOCK RESISTANCE.

90



CINDI
IVM/NWM NWM RWS X-SECTION C/NOFS

DEFLECTION
ASSY

ION SOURCE
RPA

DETECH MODEL XP-2080

COLLECTOR T4 m‘ / DEFLECTOR

/]
WJ @% S /\ionL \

i Hﬂ T s i SV MOUNTING
= T T il =~ SURFACE
Eléctrometer componants snclosed in a shield 1 S
V MULT HVPS' A 2

FIL REG/-90VP S A 3
(e
V RePDEFP S A 4
IJZD, Ve = vl
R INTRA-INSTRUMENT
CONNECTOR
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IVM/NWM

NWM ELECTRONICS
OUTLINE/INTERFACE

C/NOFS

SV INTERFACE

SENSOR INTRA-INSTRUMENT

CONNECTORS (3) CONNECTORS (3)
(LOCATION TBD) (LOCATION TBD)
SN

NOTES:

&5_\
J1
AT

CONNECTORS
—- € J1__[POSITRONIC SND15M2000G _ (PWR/TLM)
ok gl 8 J2_| (TROMPETER BJ3157)
23 ¢ SR @0 203 (0.516cm) THRU J3 | (TROMPETER BU3157)
Y= _E 9| 8 HOLES J4__| POSITRONIC SND37M2000G__(RWS IF)
T 30 = J5__| POSITRONIC SND25F2000G _(CTS ELECT IF)
SN [©]@ 005 J6__| POSITRONIC SND37F2000G___(CTS GAUGE UF)
z (#10-32 SCREWS W/FLAT WASHERS)
‘ ‘ [ A <4
NS N AN J1PIN/ FUNCTION
— l~— Q55 PIN FUNCTION
(1.400m) J1-1_| 728V LOW VOLTAGE ON
; V LOW RET
(=~ 3 EQ SP @[2,500}=[7.500] —=i AEROGLAZE 7306 ﬁ: :ggv FTI).AN‘l,EONL:;(cs)svgg oN
(6.35cm) (19.05¢m) BLACK PAINT J1-10[ +28V FILAMENT POWER RET
J1:3 | +28V PEV POWER ON
J1-11| +28V_PEV POWER RET
J158_| NWM TEMP (ANALOG TM)
J1-15] NWM ANALOG TM RET
e E——'r] o—m i A
g —_
88 § !
? Yo 83 ~
= = (3
® =3
-®
A <
T | I | 1T 1T 1T 17 o 1
.5 Pl . f
(10.9cm) (6.60cm)
8.60 5.50 |
1. DIMENSIONS ARE IN INCHES WITH (¢1.8dcm) (13.97cm)
' cm SHOWN IN () UNLESS OTHERWISE NOTED. gxglFoAléngNG
2.% CENTER OF MASS ESTIMATE (YELLOW TYPE 3
CHEMFILM)

3 SURFACE FINISHES ARE INDICATED IN FIELD OF DRAWING.

<4]LOCKING NUTS OR INSERTS IN SV- TORQUE
35 IN-LB OVER LOCK RESISTANCE.
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IVM/NWM NWM ELECTRONICS X-SECTION C/NOFS

SV INTERFACE
CONNECTORS (3)

SENSOR INTERFACE
CONNECTORS (3)
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CINDI
IVM/NWM

NWM HIGH LEVEL DRAWING TREE

C/NOFS

NEUTRAL WIND METER
(NWM)

NWM GSE

RAM WIND SENSOR
(RWS)

CROSS-TRACK WIND SENSOR
(XTRK WS}

RWS DETECTOR SUB-ASSY

PWA-RWS-1

PWA-RWS-2

PWA-RWS-3

PWA-RWS-4

MISC DETAILS

RWS BCE

NWM ELECTRONICS
(EBOX)

TYPICAL PWA

— XTRX DETECTOR SUB-ASSY

SCHEMATIC

PWA-EBOX-1

1 PWA-XTRK-1

ARTWORK

PWA-EBOX-2

— PWA-XTRK-2

DRILL DRAWING

PWA-EBOX-3

— PWA-XTRK-3

ASSY DRAWING

BOX & MISC. DETAILS

- PWA-XTRK-4

— PWA-XTRK-5

— MISC DETAILS

_— XTRX BCE

PARTS LIST
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CINDI
wvanwn | YM/NWM INSTRUMENT SUMMARY 1 C/NOFS

e Mass Estimates

IVM Total - 2.6kg
NWM RWS - 1.6kg
NWM XTRKS - 2.0kg
NWM EBox - 2.2kg
NWM Cables - 0.2kg (depends on length)
NWM Total - 6.0kg

* 20% mass margin held by project - not UTD

* Thermal Dissipation Estimates (Typical Power)

* IVM Package - 1.5W

* NWM RWS Package - 2.9W
* NWM XTRKS Package - 7.4W
* NWM EBox Package - 1.8W

NWM Total - 12.1W
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CINDI
vinwnVM/NWM INSTRUMENT SUMMARY 2 C/NOFS

* Flight Temperature Limits
e Operation: -10C to +40C (ram aperture -40C to +100C)
e Survival: -30C to +60C (ram aperture -40C to +100C)
e Pointing Alignment
e Accuracy: 2 degree wrt velocity vector

e Knowledge: 0.1 degree
e One moving part: Pressure Equalization Valve(PEV) in CTS
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CINDI
IVM/NWM IVM/NWM MECHANICAL ANALYSES C/NOFS

* Dynamics Analysis

* Determine fundamental frequency of system and major
components, especially PWAs

* Stress Analysis

* Limited to major points

* Flight heritage/experience utilized
e Thermal Analysis

* Internal only

* Based on SV control of mounting surfaces




IV(K,:;;I\I[‘),:,M IVM/NWM DYNAMICS (MODAL) ANALYSIS  c/NOFs

e ICD requirements: System f > 100 Hz
e Structural model not required
e Design goals:
o Acceptable PWA deflection at design loads
» Stiffness designed into structures/subassy mounting

e PWA assembly deflections examined for random vibration
and pyroshock condition
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CINDI
IVM/NWM PWA DYNAMICS AND APPROACH C/NOFS

High PWA fs
* Analysis shows all boards > 180 Hz

Octave rule for separating PWA and structure fy (Steinberg)
e Bond large components to PWB's

e [ ead strain relief

Analysis approach
e Find PWA mode shape (FEA)
e (Calculate curvature of PWA (based on FEA stresses)
 Calculate relative displacement between board and component
* Find fatigue strength

* Primarily looking at component leads and solder connections
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CINDI

DYNAMIC RESONANCE AND RESPONSE  ¢/noFs

IVM/NWM
FOR PROTOFLIGHT VIBRATION
Instrument ltem Mass Partic. (Ibs){ Natural Freq (Hz)| Estimated Vibe Q| Single DOF Response (GF{MS)1III
XTRK PWB 1 0.234 280 13.3 15.3
XTRK PWB 2 0.242 283 13.4 15.4
XTRK PWB 3 0.242 283 13.4 15.4
XTRK PWB 4 0.253 288 13.6 15.7
XTRK PWB 5 0.253 288 13.6 15.7
XTRK baseplate 4.41 1062 18.3 34.9 7
XTRK PWB Assy | 1.469 190 13.8 12.8
RWS PWB 1 0.150 183 13.5 12.5
RWS PWB 2 0.182 183 13.5 12.5
RWS PWB 3 0.182 183 13.5 12.5
RWS PWB 4 0.182 183 13.5 12.5
RWS baseplate 3.53 525 22.9 27.5
VM PWB 1 0.382 301 17.3 ] 18.1
IVM PWB 2 0.382 301 17.3 18.1
VM PWB 3 0.322 313 17.7 18.6
VM baseplate 5.73 624 25.0 31.3
EBOX PWB 1 0.322 195 14.0 13.1
EBOX PWB 2 0.322 195 14.0 13.1
EBOX PWB 3 0.322 195 14.0 13.1
EBOX PWB 4 0.322 195 14.0 13.1
EBOX PWB 5 0.322 195 14.0 13.1
EBOX baseplate 4.85 402 20.0 22.5
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CINDI
IVM/NWM IVM/NWM STRUCTURAL DESIGN C/NOFS

* Structural design based on past flight instrument heritage
* Bolt together structures (no welding)

* Conservative margins based on yield strengths

* Fundamental frequency >100Hz

* Fracture control and stress corrosion cracking considered (safe
materials - no weldments)

* Primary materials
e 6061 - T651 aluminum
e 300 series stainless steel

e PCTFE (Kel-F)
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CINDI
IVIM/NWM IVM/NWM STRESS APPROACH C/NOFS

* Stress analysis preformed on critical and interface items
* Loading based on ICD requirements
* Minimum safety factors (per ICD)

e 1.25 for yield loads

* 1.40 for ultimate loads

* Fracture control and stress corrosion cracking considered (safe materials -
no weldments)

* No mass and form/fit model planned
* Footprint fit template planned.
* No other packages may be mounted to IVM/NWM packages
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CINDI STRESS ANALYSIS RESULTS C/NOFS
IVM/NWM TYPICAL SAMPLES

Input levels per PLITP
Factor of safety = 1.25 for yield strength at PF levels
* Factor of safety = 1.40 for ultimate strength at PF levels
 Fatigue for 1844 seconds at PF levels
References:
* Pyrotechnic Shock Design Guidelines Manual, Contract NAS5-15208
* Vibration Analysis for Electronic Equipment, 3rd edition, by D.S.

Steinberg
* Results Samples:

INSTRUMENT TEM LOAD |INPUT LEVEL| M.S. |CRITERIA
XTRK PWB COVER/CAN |SHOCK [2000G 6.99|YIELD

XTRK PWB STANDOFFS |VIBE 9 GRMS 0.37|FATIGUE
XTRK PWB COMPONENT |VIBE 9 GRMS 0.89(FATIGUE
XTRK PWB COMPONENT |VIBE 9 GRMS 0.36{FATIGUE
IVM PWB COMPONENT {THERMAL |(-24 to +61)C |[HIGH |FATIGUE
VM PWB COMPONENT [THERMAL |(-24 to +61)C [HIGH |[FATIGUE
VM PWB COMPONENT |VIBE 9 GRMS 0.77|FATIGUE
VM PWB COMPONENT |[VIBE 9 GRMS 0.06|FATIGUE
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CINDI IVM/NWM THERMAL DESIGN C/NOES

IVM/NWM

* Design goal: Component T; < 100C (Digital), < 93.5C (Linear)
* Conduction utilized where possible

COMPONENTS —» PWA | » CHASSIS | SPACE VEHICLE

Lead composition  Critical PWA's  Aluminum Chassis bolted to
Thermal epoxy clamped to 6061-T6 Plates spacecraft
Heat sinks chassis

e Thermal finishes and MLI coordinated with SA
* Heaters may be placed on instruments by SA if required

* Instruments contain internal housekeeping temperature
monitors. External monitors may be placed on the instrument by
SA to control instrument baseplate temperature

 Critical components heat-sunk to chassis
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CINDI
IVM/NWM IVM/NWM THERMAL ANALYSIS 1 C/NOFS

* Analysis is complete
Modeling using TAK-2000 software
Monitoring SA predictions (0 Beta Angle, Ascent Heating)

Taking worst case approach (geometry, power, properties, etc.)

Identifying critical components

Goal: Decrease T in critical components to improve performance

e Dioi T.<
.1g1ta1 components - T; < 100C } Per PPL 21
* Linear components - T; < 93.5C

Temperature Parameters
* -10C to +40C Operating (exposed ram aperture -40C to +100C)
* -30C to +60C Survival (exposed ram aperture -40C to +100C)
* -24C to +61C Test operating (per ICD's) (see note)

NOTE: Analysis completed prior to modification of operating
test temperatures to -20C to +50C by Air Force PLITP.
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CINDI
IVM/NWM IVM/NWM THERMAL ANALYSIS 2 C/NOFS

* Assumed SV coldplate temperature -10C to +40C for flight, -24C to
+61C for test (see note)
* IVM/NWM conductively coupled to SV coldplate (RSAP)
e Thermal finishes coordinated with SA
 Flight condition is worst case (vs test condition)
* Using derated T, for flight condition
 Using manufacturer T, (not derated) for higher temperature test

condition

 Example: Part # BU65142
T max = 150C T, max = 100C
Teorpwarr = 61C for testing Teorpwarr = 40C for flight
Allowable AT = 89C Allowable AT = 60C

* Components with T; over limit will be conductively coupled to
package/coldplate wall to meet requirement

NOTE: Analysis completed prior to test temperature modifications
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CINDI
VINWI IVM/NWM THERMAL ANALYSIS 3 C/NOFS

* Worst cast analysis completed utilizing max component power
(vs. typical) and radiative coupling only (no conduction)

* One component (BU65142) identified as requiring conductive
coupling to chassis

* All other components below max derated T, limits
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CINDi
IVM/NWM THERMAL ANALYSIS NOTES C/NOFS

* TAK Model thermal notes:

* No radiation interaction with S/C

* Primary heat path
* Electronic component to PWB via radiation (conduction used for heat
spreading into local PWB)
* PWB to box wall via radiation
* BOX wall to RSAP via conduction

* PWB is epoxy fiberglass with no appreciable copper
* Emissivity = 0.89 (Satellite Thermal Control Handbook)
(however, some PWBs are conformally coated, therefore use 0.8)

* Internal box wall is painted with black Z306 paint, 3 mils thick
* Emissivity = 0.88 (Satellite Thermal Control Handbook)

* Typical heat path
* Junction to Case - Vendor data derived from derating info or MIL-M-38510
* Case to Sidewall - Radiation
* Case to Local PWB - Radiation
* Case to Local PWB - Conduction through leads with constriction effects and
spreading resistance
* Case to Adjacent PWB or Partition - Radiation
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CINDI

THERMAL ANALYSIS RESULTS

C/NOFS

VNI NWM - XTRK
PWB #| Average PWB (C)| Part# |Max Pwr (W)|Tj (C) 40C RSAP| Tj (C) 61C RSAP
1 77.9 OPA128 0.049 91.1 106.4
1 77.9 LM108AZ 0.011 79.4 94.7
2 63.1 LM108AZ 0.011 65.5 83.3
3 63.2 SG1524B 0.144 91.9 107.4
3 63.2 LM108AZ 0.011 65.9 83.7
4 62.8 LM108AZ 0.011 64.1 82.0
4 62.8 SG1524B 0.144 89.9 105.7
5 57.8 LM108AZ 0.011 57.1 76.0
5 57.8 SG1524B 0.144 84.5 101.0
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CINDI

THERMAL ANALYSIS RESULTS

C/NOFS

IVM/NWM NWM - RWS
PWB #[Average PWB (C)| Part# [Max Pwr (W)]Tj(C)40C RSAP|T] (C) 61C RSAP
1 48.3 OPA128 0.049 76.0 92.1
1 48.3 LM108AZ 0.011 53.2 72.5
1 48.3 LM193AN| — 0.015 55.0 73.8
2 48.7 7672ARP 0.179 80.5 96.4
3 49.7 AD584 0.015 79.5 95.5
4 45.9 JLM108AZ 0.011 80.2 96.1
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CINDi

THERMAL ANALYSIS RESULT

C/NOFS

IVM/NWM NWM - EBOX
PWB # | Average PWB (C) Part# |Max Pwr (W)|Tj (C) 40C RSAP|Tj (C) 61C RSAP

1 64.3 LM108AZ 0.011 66.0 84.2
1 64.3 7545ARP 0.010 65.9 84.3
1 64.3 HA2640 0.160 91.4 107.6
1 64.3 MCH2815D 0.080 71.7 89.1

1 64.3 FMSA461 0.050 87.0 102.7
1 64.3 MCH2812S 0.250 90.0 105.3
1 64.3 MCH2805S 0.220 87.9 103.4
2 60.9 LM108AZ 0.011 63.6 82.2
2 60.9 7545ARP 0.010 63.5 82.4
2 60.9 AD584 0.015 66.9 85.3
3 60.6 LM193AN 0.015 68.2 86.2
3 60.6 BU65142 0.590 57.9 ~78.9
3 60.6 QTAC22 0.030 NA NA
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CIND!

THERMAL ANALYSIS RESULT

C/NOFS

VINWM JION VELOCITY METER
PWB # |Average PWB (C)| Part# |Max Pwr (W)[Tj (C) 40C RSAP][Tj (C) 61C RSAP
1 58.0 OPA128 0.049 82.9 95.8
1 58.0 LM108AZ 0.011 61.5 79.4
1 58.0 LM193AN 0.015 63.0 80.7
2 58.1 7672ARP 0.179 89.2 106.3
2 58.1 AD584 0.015 65.0 82.8
2 58.1 LM108AZ 0.011 73.0 89.6
2 58.1 7545ARP 0.010 59.5 78.1
2 58.1 MCH2815D|[  0.130 71.9 88.6
2 58.1 MCH2812S|  0.240 84.4 99.6
2 58.1 MCH2805S|  0.210 81.9 97.5
3 52.8 BU65142 0590 58.5 79.5
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CIND!
IVM/NWM

RAM PLATE ANA

|
L

/

CURRENT DESIG

QI
VIO
N

C/NOFS

RSAP Plate 40 29.4 4.5
PLP Mount Flange 40 30.2 21.2
DIDM Mount 40 31.2 23.2
Flange

IVM Mount Flange 40 24.7 15.9
NWM Cross Track 40 25.1 9.6
Mount Flange

NWM In Track 40 13.2 8.7

31.11
29.87
28.63
27.38
26.14
24.90
23.66
22.42
21.18
15.93
18.68
17.45
16.21
14.97
13.72
12.48
11.24

31.11
29.87
28 63
27.38
26.14
24.90
23 66
2242
21.18
19.93
18.69
17.45
16.21
14.97
1372
12 48
11.24
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IVM/NWM C/NOFS

ELECTRICAL DESIGN
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CINDI NWM FUNCTIONAL DIAGRAM
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IVM/NWM

NWM FUNCTIONAL DIAGRAM
SHEET 2

C/NOFS
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, RV BLK(3)
XGRID MON gy EMISSION LEVEL| (4)
FIL A/B SEL
XEMIS MON1 — - / 1 —!
P HV_MON — ™ GAUGE ON/OFF (4)
-
VPRATIO g 12 BT XFIL A/B SEL (4)
P2 g A/D — = XGRID HI/LO
XEMIS MON2 gl | CONVERTER | FPGA — ™ NULL CMD
YEMIS MON3  _gml  ANALOG —3 v NULL VALUE
p3  _pu  MULTIPLEXER Bgé# 9 | NULL VALUE
HPRATIO ot RAM — P XEMIS LEVEL (2)
P4 —- 4
XEMIS MON4  _ggu 15538 T™ /COMMANDS
XTEMP  _pol INTERFACH TIME /RT STATUS
RTEMP pE
- o
ETEMP POWER SUPPLIES +28V LV ON

v PEV HOLD
OPEN INITIATE

+12V —-12V —12V +5V
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CINDI
IVM/NWM ELECTRICAL - POWER C/NOFS

POWER COMMAND | NOMINAL POWER ESTIMATE

IVM +28V ON 2 watts constant, no standby/warm-up
(3 AMP FUSE)

NWM +28V Primary 13 watts (< 3 watts in standby)

(3 AMP FUSE)

NWM +28V PEV ON PEV solenoid energized for 16 seconds
(3 AMP FUSE) each 512 seconds (nominal):

4 watts for 50 msecs, then

1 watt for remainder of 16 second hold
period

NWM +28V Redundant | 13 watts (< 3 watts in standby)

(3 AMP FUSE)
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CINDI
IVM/NWM

IVM/NWM POWER
REGULATION/DISTRIBUTION

C/NOFS

+28V (FROM
SOLID STATE

SWITCH>

INTERPOINT
FMSA-461
INPUT FILTER

+28V RETURN

NwWM UONLY
+28V (FROM > |
SOLID STATE
FILAMENT
SWITCHD INPUT HEAT/EMISSION
FILTER REGULATOR
+28V RETURN >—

|
1S53 FILAMENT
ON/OFF  COMMANDS |

IVM NWM
+5V,+15V +5V,+15V
-12V,+30V -12V,+12V
REGULATED
INTERPOINT MCH VOLTAGES
POWER
CONVERTERS INSTRUMENT
GROUND
+12V
NWM MEDIUM 100V
VOLTAGE -50V
CONVERTERS +130/+250V
1553
ON/OFF
COMMANDS
FILAMENT
+15V
MUHI&EEIER ———>  -1000 TO -1600V
/N
L T J
| 1553
! ON/OFF
COMMANDS

FIL/HV DISABLE
FROM SHORTING

PLUG

120



CINDI

IVM/NWM

IVM POWER ESTIMATE

"OPA128

iMiGgA

ary.
_USED

I (ma)

I (ma)

+5V

+15V

IUna)

0.15

1.2ov

-12V

150

0.90

LM193

/HA2640

'AD584

2.70

TOTAL-TYPICAL
| (ma) N
80V

I(n1a)
45V

TOTAL MAX

| (ma)

+18V

| (ma)

270,

0.80

1

'+30V

;7672ARP

e

7 545ARP

QTA022

' 5.40

2.00

BU65142

MISC CMOS

3.80

8
3

3.20, 3.80 1 3.20, 3.20

0.75| 1.00 1 0.75 :

4300 7.00 1 430 ) 17.00

740 T5.00] o S et e =

05T "2 06 4 oEe 5.6

6.00,  6.00 1, 6.00 6.00

50.00] 115.00 11 50.00 T 115.000

30.00/ 60.00 1 30.00 T

30.00

80.00:

i

TOTAL w ITHOUT EFF.

LOSSES

(ma)

90.80

LOAD

W-TYP

W MAX

0.18

MCH 28128

MCH2805S

0.53

0.29

LOWKD PR P —

101 | S

LOSS
Cwrve

o
0.17.

LOSS

W-MAX

5.45

4450

30.00

12.00

6.20

1

SUM

SUM

TYP

A

1,41.6”074 :

84.40. 3.

0.13

0.27

0.42

1 0.24

0.70

1.26

g :
i i |
H i

045

0.80

011 .

0.21]

056

1.01

m

i

TOTAL POWER FROM +28V(WATTS)|




NWM POWER ESTIMATE

CINDI

IVM/NWM C/NOFS

e PR - o C e . - e e e e Jo—— [ . v, [— e

‘TOTAL - TYPICAL

I (m a)
MAX

H
QTY

1 (ma)

4l (ma)

TOTAL - MAX

USED

+5V

) " +15V

+12v

- 0.15

1 0.40°

2

180"

I (ma)

1 (ma)

HEGE))

15V

-12v

+”5V

10.80

0.75

1,00

7672ARP

- 4.30°

&7 00

"
6
=
>

7.00;

"~ 7.40

12.00

12.00

.7545ARP

' 0.50

2.00

SG1524B

5.00

~12.00]

‘QTAC22

6.00

6.00

BU65142

' 50.00.

115.00

25.00;

P WJWQ”-,OO

6.00"

115.00;

30.00

60.00

5
5
;
:
3

'MISC CMOS

30.00:

30 00

HVPS

MEASURED

60.00

30.00

2550

[GRID PS

MEASURED

V PS

‘MEASURED

S0 PS

20.00

50.00

'MEASURED

20.00

20.00

14.00

14.00

'32.80

45.95. 79.00

1168.00

TOTAL WITHOUT EFF. LOSSES (ma)

7100.30

;

LOAD LOAD

LOSS

LOSS

SUM

:SUM

W -TYP W - MAX

W-TYP

W MAX

TYP

MAX

'MCH 2815S

049

0.66

0.16

018

MCH 2812

IMCH2812S(-)

70,95

1.37

0.27

038

0.55

1.09

0.18

0.25.

0.65

0.84

1.21

1.75.

0.73

‘MCH2805S

0.50°

0.16

0.22

1.35

1.06

FILAMENTS

(M easured value 5X. 063x28 8. 82W)

ENWM

T TTee2

8.82:

12.07

13.81]




CINDI
IVM/NWM

NWM STANDBY
POWER ESTIMATE

C/NOFS

LM108A

;f QTY
USED |

TOTA L-
i (m a)

TYPICAL o
I(ma) (ma)

+5V

+18V

-12v

) W(m a)
M+15V

I(ma)
12V

8.40.

8.40

OPA128 0.90 1. 80 ég ” 540 5.40° o 10.80 10.80,

/AD! D584 0.75 1.00] ””” 1 075 . T 100

\7672ARP 4.300  7.00 1 4.30

%,« e — e TR = - o e T

7545ARP 0.50 2.00 5/ 10.00° ,, 10.00 '

§G1524B 500, 12.00 5 . 25.00 60.00

QTAC22 ' "6.00  6.00 1 6.00 T 6.00 - -

;Busé”%”iiz 50.00 115.00 1. 50.00, | L 11500 -
7 30.000 60.00 1 T 30.00 B 60.00° B

MISC CMOS 30.00, 30.00, 30.00 B _..800

)TAL WITHOUT EFF. LOSSES (ma)

}W ~ |LOAD LOAD 'LOSS [LOSS SUM 'SUM )
T W-TYP \W-MAX W-TYP W-MAX "~ ~ TYP  MAX N '“
MCH 2815S 0.14 0.30 0.04 0.08 ~0.18 0.39 T

MCH 2812S(+) 0.30 0.72 0.08 0.20° | 0.38.  0.92 o

'MCH2812S(-) | 0.55,  1.09 0.18  0.25, . 0.73  1.35 N
'MCH28055 | 0.50 - 0.84 ”m; 016/ 022, T T ""o66 1.06,
r INWM__ [STANDBY POWER FROM +28V (W) ' "1.96 3.71 N T




CINDI

IVM/NWM

IVM/NWM POWER
MARGIN ANALYSIS

C/NOFS

* IVM+NWM ALLOTMENT (UTD-held) — 16 W
* IVM +NWM PREDICTED

Using Typical data sheet specs — 13.61 W
Using Max. data sheet specs — 16.5 W

* NWM ICD

Peak 15.6 W, Orbit Avg (OAP) 8.4 W
NWM is off above about 550 Km.

At Max power estimated OAP accommodates 61% on time

IVM ICD
Peak 3.6 W, Orbit Ave 3 W, Max estimated = 2.68 W
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CINDI
IVM/NWM POWER INTERFACE VERIFICATION C/NOFS

e Early analysis of S/C power interface

 C/NOFS Systems Engineer performs early review of
IVM/NWM power interface

e Instrument GSE emulates power interface

* Surge/inrush current measurements at UTD

* Most frequent power switching 1s internal to NWM via 1553
e Verifiable using GSE

 Interface verification during payload module testing at
AFRL
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CINDI NWM/IVM GROUNDING DIAGRAM

TO S/C ANALOG SOH
TEMP TEMP
MONITOR MONITOR
RETURN
GOLD PLATED
TEMPERATURE SENSOR HOUSING
MONITOR
> 1 MEGOHM ISOLATION BETWEEN CIRCUIT
POWER RETURNS AND INSTRUMENT
(CHASSIS> GROUNDS
TYPICAL \\\\\\g
L—————— REGULATED
SECONDARY
Lo8v - SWITCHING VOLTAGE VOLTAGE —
TRANSISTORS REGULATOR

SECONDARY
+28V RETURN —>I
RETURN/ (INSTRUMENT GROUND)
y N

+28V RETURN CONNECTED TO
S/C SINGLE POINT GROUND

S/C STRUCTURE

« INSTRUMENT GROUND (SECONDARY RETURND RSAP ///2

TIED TO GOLD PLATED SENSOR HOUSING
. GOLD TO GOLD CONTACT BETWEEN (GOLD PLATED
SENSOR HOUSING AND RSAP
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CINDI .
IVM/NWM ELECTRICAL INTERFACE C/NOFS

e 1553 RT
« DDC BU-65142
e Bus A/B — 2 ea. Trompeter BJ3157 connectors
IVM Power/Analog TM — 9 pin D
NWM Power/Analog TM — 15 pin D
No GSE/Test Connectors

Analog TM — 0-5 volt temperature monitor
e & bits minimum resolution

e :Nominal 1 K output impedance
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CINDI
e FILAMENT LIFETIME CINOFS
BACKGROUND

Evaporation rate calculation — 4000+ Days (Kohl, 1967)
Lab tests at UTD — 280+ Days (Hoffman, Apollo Instruments)

» Test terminated without failure

wE 7% Tangston - 3 Bhenlum et
o AE-C instruments with same filament E Heatbr oyoled 1o simafate fiight
. = 12
survived more than 600 days .
s 19F
e Previous life tests of W-Re filaments in E‘ .t
O, at flight pressures — 1000+ days =g
(Mauersberger & Olson, 1973) E .l
iL N
2f
O?OZSI — IO.I05[ — IO.OI 5l — I0{1 — I(’.'|I25

7
Filament Diameter (mm)
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CINDI
IVIM/NWM FILAMENT LIFETIME C/NOFS
VERIFICATION

e Initial Test
 Used ion gauge ( more UTD experience with the ion source)
 Established harshest conditions
* 10e-5 Torr Oxygen-rich atmosphere
e 100 times higher pressure than average in-flight pressure
o Filament failed after 2.6 years equivalent CNOFS mission useage
e Power outage event on day of filament failure
e PC experienced keyboard failure
e Testing will continue

e Test ion source filament configuration
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CINDI SOLENOID/MULTIPLIER
IVM/NW TESTING

C/NOFS

XTRK PEV Valve

e Accelerated cycle test in vacuum (equivalent to 3 year
mission)

e 24 actuations/day=8760 actuations/year in flight

e 28,800 actuations performed in vacuum(3.28 years
equivalent)

e 10,800(1.23 years) at —20C; 10,800 at +50C
» Protoflight level vibration will be done
RWS Multiplier
e Flight-like mechanical mounting

» Protoflight level vibration will be done
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CINDI
(CINDI MULTIPLIER LIFETIME CINOES

e The lifetime of a conventional multiplier is considered exhausted
after 4 Coulombs output is accumulated

e RWS multiplier gain is adjusted for 10e-8 amps max output
e 4 Coulombs accumulation takes about 12 years

e The RWS DeTech Everlast multiplier has a lifetime four times
that of the conventional multiplier (based on published test data)

« RWS multipliers are subjected to a burn-in test per the UTD SCD
* 100 picoamp input, gain = 1000 until gain plateau reached

 Gain plateau typically occurs at about 0.04 Coulombs
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CINDI
IVM/NWM C/NOFS

ANALOG CIRCUITS




CINDI

IVM/NWM

RK-1 SCHEMATIC

C/NOFS

66.5K 1%
ar ey -2v
anzoeo
' 3 R7 J_\KL 12V/DECADE
30K 7T R36
he - R2 A3 € 9 VPRATID
12y -tev f%ﬁ} (08az_(g 495K 1%
v
8 3o
R12
665K 12
€7
E2a R13
1
L R
I 1= a1
v -2y a7
kJ 221k JRE Re {e]> pLoa
N w QK 5 12V/DECATE 20K 12
Rz I a0k TC 10pA=-3V
1uA=+3V
W4148 e
R4 =
100K
1%
R10
a0k TC V' 7> puoca
108AZ_~3 12V /DECADE 2 14
=0 e pA=-3V
e
res
665K X
Q2 Hav -V
2n2060
2535 2 pad 12V/DECADE
20K TC R39
- 16 [ £ PNPRAHD
sav -2y (%9] 221 SRI7 1082 15 49K 12
s ™~ % 10K .
" . 3 =% 1
oPA2E oI5 e
> = 66.5K 17
ciey
o =
v | = Rr27
39pF
ﬁ w5
221K JR20 R4Q
w MK {z]> pLoce
CR4  12V/DECADE 20K 1%
= 10pA=-3V
! TuA=+3V
4148 Ll
R18
100
% R28
60.4K 1/
eV -lav
R24
K 16 at0 by T PLocs
108AZ
FOR POSITIVE OUTPUT . d lusz/DEChDE 20k 1%
a3 1 1up=+3V
w " R €16 3%F 2v R42 T xTENe
VRV O, R P o
Vv %22 22 &3 s
3 " WK SENS 74K LAST
104 1% R33 %
i = 2
[t B +12v
R34 32 SOURCE I {3k vav &4
SEL 12 SEL 1% -12v TK —1av
) SOURCE {sk 1
43K 21 cee
= 2
= A 5 0 T
F
P1 A0
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CINDI
IVM/NWM

XTRK-2 SCHEMATIC

C/NOFS

VDM FILTER 16 HZ

o GAIN = 15
22714 18V/DEDAIE
+Hav -R_v
Rl ,]\T\L
i . 7 es
czl sonz « 20K 1% Dvmnu
2201z 1 ‘;Em
alomr ¥ R O -
= 100K 1% ~VCOMP
HDM FILTER 16 HZ
GAIN = 1S
4,0
22 18V/DECADE
Hav -12v
Jl <1
: o
ve ramin 35} 20k 1% HPRATID
RS £2
HP RATIO N 3
B 100K 12 O ~HCONP
pLoc1 8- —D=
PLDGI A7 40 £
eLoce X2} —e
ot ot
€6
bt E XTEMP
+12v -
o2y soree 1Oy
o+av -12v (e
5 - SOURCE 5
12y YeH—0-12V e 4_1_;-(:7 12
1
En
o >@-‘——L o

e Gany

€3 O
PEV OPEN

£le C
PEV CHD

ez

PEV 28V R

+5V 18
-
SOURCE o
Ri1
(3
1%
A
. VAL
PEV CONTROL
wen o
N
e e O Jf’ _l. o
M
El6
Ila :[ PEV OPEN MON
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CINDI
IVM/NWM

XTRK-3 SCHEMATIC

C/NOFS

25nH - .75 OHMS InH - 1.5 OHMS

£17 1o apoas L2 42245 @
FIL +28V TS 1 23 4 ClsJ: e
3 o, 4 1 23 4 10“-
18 BSmH =75 DAMS 51, c14 L3 42245 @
FIL +28V RET 10T 1]’ 1mH - 1.5 OHMS +28R
R3 1
33.26 1% =
R4 RS
GRID Hi 316K 1% M 1% L1 41060
al : . e 25mH
anN22z2A 19 DHMS
+12V 3 Ou m
Q2 1 RS VAL
2N222zA 0.01 K 1% t CORE
P18/11
El2 W crR3 Y IN4148 ~3H1-A400
$ R6 s REF (7 CRL, o i 06 © ~y CRE
100KHZ SYNC 402K 1% +12v 1N4'1\‘8 ' INGo44
@ Ul w0 4 20T
B isean [P cslx ce 80T o +130/250v
osc E E2
3 e -039‘[ -039T 207 #38 IN4944
ca CcR2 £3 CR4 012
o {} F+CL cBlyy + K}
' 1N4148 #34 €5 | 1N4344
R7 5(-CL CAlTz CRS |
681K 1% R10 =
<|rT €Al IN4944
3w = 1
| T L -
f i SHT DWN|1g
c3 c4 R1L
00022 S{anD covels + Ri4
. —l— 1.0 1K 1%
- R12
(co) e 2V -12V
GRIDV ON 1 ;
= = 1%
® :
221K 1%
SPARE ‘e
@ . 2V GRIDV MON
SOURCE
+12v cnl
cs
JT NOTES Rlii_/ 33PF
@ J_ 1. * INDICATES COMPONENT VALUE SELECTED DURING TEST 205K
GND cl2 1
- 2 Select R3 for largest value that gives relicble +250V
. =
-~ T o -1V 3. Tune for operation with 100Khz sync
S5 SOURCE
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CINDI
IVM/NWM XTRK-4/5 SCHEMATIC C/NOFS

N INAL48 cRe
a b a/Ge
2nezzen c6,, 129 FILAMENT A IREVE
J) nav
B an
100KHZ SYNC DY E4 s o
R2 178
vans YEE}———» 288 v U, iZQmEm RS
SQURCE 403 1% 15243
C14 7| 3
~ To CR21
g 2 7 ) FsLza. N4TIE
a0 YB3 S KPP 28R ]
SOURCE EL7 o o GGz
] g RN I A
£ 7 g, 681K 1% —O +28R
it 1 it wst09
:;‘“— o022 o cato s, +288
L L T )
< nate8 = —l 4109 o
GI/G2 ON )' 5| E @7
asc2 R €S FsLa34
G/G2 P >| €7
iR

fo
R VAL 1%

L
Ri2 VAL 1%

/G2

@
v |+
FILAMENT B IRIVE

R13 VAL 12

-

xemts cevew 3 €W
xemts Lever a S{En

+2v R4 G3/Gé
+1av ) Et c1y
A SOURCE o I AN
—t % F! NT A RIVE
o4 L e
¥ T, RIS T
033 [23 402K 1%
croun >[Ea ] a3 10K1%
l E18 = ™
= —peL o
Ri6
X oo “ B
-tev YET ' v o
SOURCE a6, o peg w1z
et Aot st st 1780 2n2007 et O 28R
cRe T o 4109
ey L ’—I ) s +285 e X
Ht czz, Nalle
K12 oy a1 —0
08z a9
G3/G4 ON >|EIE
o
Fsies4

casce P Y{E18
6asGa R Y{E14 N

o,

1 R3
@z ¥

INtosPsl0y. FILAMENT ® IRIVE
a7,
I3
NOTES: S

1 % INDICATES COMPONENT VALUE SELECTED DURING TEST

2 POVER MOSFETS ARE FSPL234R3 DR FSPL23ORI
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CINDI
IVM/NWM

RWSBD1 SCHEMATIC

C/NOFS

oG ena it £6
Ra4 e DOG v
20K /
. 1 [ \ 7
7 2nasi Q 9
c6
D 1
R25
R4
o Dhirs
1 J_ 2K 14
e,
20pF RS
-2V +2v 3K
Tc
60.4K 1%
Rl £7 = P11 <20>
ES IN @ —( - 7 RS
K 17 A A
spes siG
+DPA128 AR [s]>
GND @
= +12v
+1C2)v SOURCE {akwav
~12v _
R11 RIS RIS -12v  SOURCE l {3K-ev
495K 1% 499¢ 17 499K 14 al cl
RL7 1 1
-tgv -zv sev RY
1z {1k ano
R FIL IN Q R12 L
R10 v 15000uA  V=+0062 -
o 499K 1% 6 1=100uA  V=+3.947 Ra1
10K {io}> rap out
T (148 17 R13 100 1%
-%0v IN +12v R22 38
,ll Q 499K 1% RI8
+2V 6,04 24 3;23 17 4K
g c4 '33eF 12
PFIL IN @ CRS {e]> tewe
BC ° IN4L48 R14 RI1E R20 10K SENS
499K 1% 499K 1% M
£Re o - v=-0786 V=+001S R34 ok ser P
0786 v=+9819 = 22K
IN4944 s ook 14
Haak seT r
Ra3,
10K
1%
Zel>
feel> rws ¢
- 27> rws &
At 7
LM193AN
. P12 (10>
{37 FiL e FLG
1=
a
R36 R37 P13 <10>
698K 17 392K 1/
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CINDI
IVM/NWM

PS-90V SCHEMATIC 1

C/NOFS

P2120

100KHZ SYNC

-9ov s}

+av Yz}

BEVE]

GROUND 4 1

-90V CNTL >{14

-sav o 13}

2SmH
19 DHMS
R1
1K
c3 lz "
VAL
a o CORE
- REF IN4148 P18/11
R cRL -3H1-A400
Ul +vi=—o0+leV El © o E4 RIS
402K 1% 1524B T
anezaza c enl, INs148 15T 50T g
€2
c4 c7 cs
o o CBIm cR2 * w22 15T #38
o £3 €5 c1e c13
R3 st CAltE < [ oo
681K 1% 1N4148 #34 ° 01
AT 23 L
i\ RS 2507 1N4944
C”S SHT DWNfg $38 .
00022 c
5 €7 CRY
W c14 < Ri6
< = T 1 M
= 1 CR10 o
N iNass4
CRIE
IN4944 iy
R4 CRI2 c1s -
L pyeRi2__{ =22
1N4944 | 01
2alk 1%
R7 RS =
10K 1% 200k 1%
SOURCE
+12v —
L a CR4 7
< IN4L48
1
SOURCE L
l -12v - RS
P AAN——
ca Mooz
T
) R10
402K 1%
R14 R13
K 499K 17
-2V 412V
NOTE: THIS IS PART 1
OF A TwO PART SCHEMATIC
FOR BOARD ‘PS-S0V-A’
PART 2 IS ON FILE AS ‘PS-90-Se’

-90V FIL BIAS
04V/STEP

EMIS SENSE TO
PIN 3 OF A20 ON
THE ‘PS-90-S2°
SCHEMATIC
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CINDI

IVM/NWM

PS-90V SCHEMATIC 2

C/NOFS

P23<10>

Fo 8K 3]

P22 10>

DRV B /I‘I;

DRV A /I‘I°‘

RWS ’IJ“'T

*¥xEMIS SENSE*x

10K
+2V -lav

FROM THE JUNCTION OF
C13 AND Cl14 ON THE
‘PS-90-S1’ SCHEMATIC

28 s pgf——— 128 s

SOURCE

asv R feg——= 28v R
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GND
]
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~z
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1K
WwW
ces R35
1K
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R31
10K
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P23
R33 RWS
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@ P FIL
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@ FIL P2
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CINDI

2SmH 19 OHMS vTAlL
L1 41060 RIS
— CORE KR @ -100v
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S23K 1%

CR14 R20
100v M
NOT USED | 1%

FSL234

CR13
1N4109

16 ' 33pF

-2V +12V =
7
Rre3
peF on {17

K A%
R21
523K
1z

S23K 1%
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PS-100V SCHEMATIC 2

C/NOFS

CR21

P33 (10>

[3sp> Fp B«

DRV B

R30 CR23 1N4148
1K
17
cea
—Ei —t +12Vv
0.01
< O R34 %
R31 178K
L AAA o 1y SaNeso7a
4.02K 1%
FROM THE EMITTER osc
OF QI ON PART ONE
SCHEMATIC ‘PS100V-S" et
5 -CL
R33
v z RT
co4 II6,8K 17
1 7 CT
P33 0.0022
8 GND
CIR/laU —
SLOW START >|34
1N’?‘148
RWS FIL DN >[36 -
. +28S
+28 s a0} ™ SOURCE
__CEO ce7l
= .
_ +28R
28V & >fee] ™ SOURCE
Cal__
.33__
GND >es
P32 Ao =

—e4P> DRV A

P32 10

141




CINDI
IVM/NWM

PS-MULT SCHEMATIC

C/NOFS

P41 2D

oLt on 7]

v eNTL {19}

v MON 1}

+15V

-t2v 3}

GrouND {1}

FIL +2av at}-

FIL +28V RTN 433|

P43 (10

10} 33]' 3nH - 22 OHMS ceo| CE‘I
pl

L1 41060
2S9mH
19 GHMS
+15V
B 4
c3 lsl " cR3
001 A T
vaL
’_| 1N4148 CoRe:
il REF f7 P18/11
Re ~3HL-A400
U whe—ousy S £l o G54 C12 000 g Ci4 001 g7 €9
onozozA 402K 17 15248 d
5 osc EB T 1N4148 197 3KV 3KV
_ e, c7 c8 E2 CRS CR6 CR7 CR8
S il e il HRF30 HRF30 HRF30 HRF
: a1 Rz x 22 Rl c13 15 N s Ew
= ” calge i I - | -1600V MAX
R3 o IN4L48 #34 001 3KV 001 3KV El 100K 1/ 703v/sTER
= 11
§ cez
SHT DWN|
7 [ i ce
1 SKv
B ey 14 001
R
1 L o skv
= = P SoM
N4148 Ri7 1% =
10€
-2V 415V I R8
S0M
R4 N "
2a1K 1%
1
R9
Y 309K
10K =
3 I
01953125 V/BIT 8 BIT RESOLUTION RI0 €10 33pF =
100 1%
R12
R13 309K 12
-12v
K 1% sy
SOURCE =<a
+15V LSa
™~
cl
1 =
SOURCE
l -1av P42 (10>
ce
. 0.75mH - 11 OHMS 3nH - 22 OHMS
T T2 sne L ame —ao> +28 5
1 1 2 1 23 4 Jf”
= 3 4 1 23 4 ’I‘m
075mH - 11 OHMS arle cm Us auz0 feg}> 2av
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IVM-1 SCHEMATIC 1

C/NOFS

R
L S v
100¢ 1/ | 30 l - SauReE
29
3K R-/C
e 100K 1% 200K 1% 3k
< : > o RSz Raz R33
RGRID -
1 Rl CR 4 b 100K 1% 105 1% 200K 1% B
| W INgL4E o T b I R34 | R3S & erm PCI0>
SGRID ( S =] D de, 2 =T 200K 1% 2006 1% {ik
t LY Nq148 5,1 b L r
2] ¢ s R SK Axis
R3 R3
G pf [ T 3K so.
W IN4148 1s] 4082 ™ [6
by H R4 1 lo IDM FILTER 20HZ/64HZ
= v £t ves cis, GAIN = 195
N 1% Wine 1 665K 14 y
o5 HEV -2V [T
- anzten
@ e 2R s R ~k ssv v
Iit“[ { 9) 30K TC R36
+SV -12v Ra Lol s
l i i Rio 10802_11 avy oW | R R 18V/DECADE
| 55,1 s 20K . DECADE cie] AN w> 0s
23 b i 1
o s R4 CI03%F 1 pd
5 &8
(ko €65 172 1 MI
4 47 «
roms_ 7 o < <
e §04K 1
S e M3V v
b
i i3
3 1 16
as a 4 r5v iBoasy R4z
1.9 | 108aZ ﬂﬂz
N 3 12V/DECADE 12
YT —- 10pA=-3v R4 2 xlis
s NS 1 = 226K th YU 1vp
ol . T 3% R42
):l‘i 226K 12 z x
K
e Yz e
0 e
o
2 !
a
l a K FasT
3! 6 P216)
¢4 {s N u Re3
[
oyl “sv -1av %9 22 aacTe
Al - azik
s N _ sy Ret "
10417
@ e
: S nl R26 3> ua
3
SEL 1z P> s
I {zp>
nsv
@— LasT 7 {7k ssv
APERTURE -
R45 06 ey
c18 A7 sate sk -tev
L FOR POSITIVE DS OUTPUT CR6 U2 asl
' a4 PLUO)
€K o
NoTES: Ha
1. % DENATES TEWPERTURE COMPENSATION RESISTOR LoGIC
2 WATCH RI AND R13 TO WITHIN ONE DHM IF POSSIBLE axis=1 POL=1 =
3 MATCH R1Z AND R14 TO VITHIN 20 OWMS IF POSSIBLE POL  AXIS +GATES  +COU'S -COL‘S
[ FaG B&C ARD
Ve Vi
o+ F&H C&D A&B
+ 0 E&H A&D B&C
AXIS:
AXIS=0 POL=0 v+ E&4G A&B C&D

POL=1

—

AXIS=1
POL=0

VIEW INTO FACE OF SENSOR
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IVM-1 SCHEMATIC 2

C/NOFS

Pecier
El
RETGRID @ SWEEP ~ —feksvere
10K X
SUPR GRID -1av a2V
frvags
] o {2]> rea-our
nl ml
snu;j:‘é fak v
sualksc\é s
v o Tk v
RS: RS4 +15Vv  ~12v
& = RE6 RE? ReE RE9 = GNo
RS2 100K 17 215 12 €8IK 12 2154 1%
COLLECTOR A
WK 1z AS0
a B
SV R70 —| 22 Ql{'s‘iév :—0
AT 12 AR 3 -12v
25 = R71%
M B 69.8K,
o 1 173
3|2 7
- n72§
i &
e e
RNG-C L {ehaws
\—WH
GAIN NOTE ALL REF DESIG START AT SO I NN .
LOGIC % JCEU/DD CB A CLK
C B A CURRENT/VOLT RANGE UP RANGE DN PR . & s
PE Vdd
0 0 0 302 pA/V 1390 pA S 3log
a 0 1 954 pA/V 4390 pA 382 pA U 53 | Us3 B/D2
0 1 0 3020 pA/V 13500 pA 1208 pA PA
0 1 1 9500 pA/V 43700 pA 3800 pA sl/c1 4029
1 0 0 302 nA/V 139 nA 121 nA | slyes
SHIELD GRID 1 0 1 954 nA/V 439 nA 382 nA - COUNTER
“LSv 1t 10 302 nA/V 1380 nA 121 nA PB
111 950 nA/V 380 nA 121pc
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11706701
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145




CINDI
IVM/NWM EBOX-1 SCHEMATIC C/NOFS

19 24
AL0 vee +SVF
20 8
+— /0E A0 {7 a0
18 7
+——1 /CE AL uK &
4 17 6
ssve o 12\ per DB11 o7 I ik s
]l r3 5 16 6617 5
AN DBIO DS A3 17K A3
-0.0193125V PER STEP N 20lo 6 15 4
7K a4
A L PN Rfk DBS » IS A4 K A
g “ 10pF 14 3
P ul DBS D4 S
+30VF -SVF 330F 8 13 PROM 2
—[ P 7545 DB7 D3 a6
9 1 1
os - e Lout D36 2 a7
RWS RV €16
<fre} v HARG40 10 10 23
100 1% g DBS n A8
c3 9 22
rst La - L8l g pa4 mo as
75K 100pF $ 17 D/a 12 21
% l ° —WR’ CONVERTER DB3 12 Vss AlL 16K BANK-A
16 17K BANK-B
——1CS’ DB2 13 ‘g 18K BANK-C
2 14
RV MONITOR —"=]AGND DB1
a2 L3I pGND pBo 2
10K
1% <L
v
11/20/01
R19 ce 10
—
22 H
REF PINS TO | PINS TO | PINS TO | PINS 7O
mEs  [DEVICE  +SvF VAP -SVF +30VF
AL | HA2640 3 4 7
A2 108AZ 7 3 4
23 |56 1 e 1 e 1 e 1 e v ooz - ”
+28 28V +28 28V +28 28V +28 28V +28 28V
OuT RTN IN RN IN RTN N RTN N RTN
1]+pgv = = =
+285C T T T REF PINS TO | PINS TO | PINS TO
< > N a6 gls a7 , Zls a8 . gl= a9 5 a8 DEs |PEVICE) “isvr -5V vap
INH INH INH INH
sy FHSHE MCHEBUSS wcHE12S ap1ss VcHes12S Ut | MPrsas | 1819 2.3,12,13,14.15
28y RTN@—‘—7RTN SlenD St N Sl ] P uz |e7c3zB| 1216 7 1,468
. u3 4024 9.16 8,12
GND COM +SV -12v caM COM +15V +12v coM
48 6 |4 |3 4 3 E 3 4
=& I I !
L
+5V qu -12v EIS +15V EI?, +av EI%
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EBOX-2 SCHEMATIC 1

C/NOFS

+2v Fik
SOURCE ™ i e
+S5V Pk »
SOURCE I sv
-12V Pk -tav
SOURCE 1P
C7J‘_ cs [ cg
1 1 1
[pik anp
K /SEL

BEERE

[EIE] L:!] B @ EEE

—{PIK st A

adfpl——131, At
" 1 ul pHo
el us|, 4! s
»a Sfp—et2] P 20K 1% 20¢ 14
a4 14 ANALOG vaa[e2 15 ANt aNz(24 |
s| SELECT 6
as S INH 2l vrer vad!2d o sy
a6 P 21¢ vssi2 3| AGND 7:762 vsslB8 o 1oy
a7t e’ 4o 7BusY|2L
Sl e A/D scs 20
ne Mp——131g At 6lpy CONVERT /RDL,
o 1af, L2 10 71 e ok ouT e
a0 Spr—— 1515 4031 2 8lp7 ek INPZ
at e85 out 2 31 p6 nolé
a2 fpi—————1 4 ANALOG vaa 62V 13 " 1915 S
5| seeeet |, o A
a3 p——— 315 INH ]| U4 st 1 pa p2{14
A 3 vss(2 s 4051 5 |12 nenp 32
A5 7 cef” z uu: 3 =
4 ANALOG vaa['3Y
e SF—— 13 Wl SELECT |
s INH
M7 ).*—“ 1 us s 8
e . 4051 5 6 Vss R
a19 Sfpil—— 1215 aur 2 ’ =
w20 oL 4 ANALOG vaia 1522 "
a2t 5 SELECT wafs
[P [ m— Y Vss’B———
azs Sfpr——4| veelZ
4

i
K SEL B

&2 -lav
698K L2

=
K see €

Pk
K set

P
K seL €

{PIiC HaLD

HOLD
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VINWI EBOX-2 SCHEMATIC 2 C/NOFS

——AM—O +
o phA SV
o [ %
%2y 12y ey 12v Pt
U4 2V -12v
o U [t 2 o g 4 omnt our ﬂ\i\L
MP7S4sA P S MP7S45A R MP75454 e % N
Stoso 10047 DBIO 2 DEL0 neaz_ 0 1% P
acnn |2 2 AGND AGND 2 s
LIPEY e LEPA 1Y ¢ { omo i oe J
GND ———:[ oaND GND
71 e L i LABTES ” ! ea L :::
20 1Y
[N s P
S o7 Ree PEA S 07 b EoA £ { oa7 hid EAR?
AT 2 ose 21 os
" D70 A N DTOA 0 DTOA
DES  CONV'R b85S CONV'R DBS  CONV'R
CEPEA U ppe 11 pas
12 B3 vref 19 12 B3 Vref 19 12 DB3 Vref 19
194 pge Vdd Zl_ofsv 21 op2 Vet ZLQ;SV 2| pee vdd E-—oosv
24 gy ARHZ 1] om L 23 o L
i1 Les e 5] es 16 119 Les e
o et}
oo 3z}
w3}
i NOTE: VCOMP AND HCOMP MUST
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e OFFSET,
o 3ie}
o 3i5}
i}
=i}
5z}
(0,
i B o
L] cl2, o 1x
—_— o s
g ey 1oV
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9 g7 RFb A SV 000000000000 el RFbo Ay
s s
D86 286
M D70 A UNIPOLAR 0 DT0A
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w7l =y 083 Vref DB3 Vree
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IVM and NWM Digital Controllers C/NOFS

Design Engineer: Keith Stelzenmuller

Controller Block Diagrams

Data Formats

FPGA Block Diagrams

Design Status

Controller Schematics
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CINDI C/NOFS
IVM/NWM IVM - NWM DATA PACKET BUILDING

< 4.000 SEC >
I— 2 AT 512 Hz
EOP
(END OF PACKET)
'_
P
S|of- o - z
ulp
TYPICAL lalalzie] ¢ 2| |3 Q z -
PROM SEQUENCE =198l 2l ol o] (o "
w|o|oIZZ| |<| |« < < ® ® o o o ® 2] o
X wwlu]Z] (Y| W w w R =
ols|zlElal 1=t I=] |= = u
NEEEE

Total of all Measurements, Status and Command-FB 1s 768 Words in 4 Sec.

Sequence and Spacing of Measurements Determined by PROM

Each Data Type has a Unique 4 IVM) or 6 (NWM) Bit Code

Only Analog Measurements Need Careful Spacing and Ordering to Allow
Voltages to Settle After Multiplexor Switching and Before A/D Conversion
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IVM and NWM PROM DATA FORMATS

C/NOFS

DM DM
AXIS POLAR
FIRST16
SPARE

Do D7
D=0=ANALOG D=1=DIGITAL
CBA DATA NAME
0 00 LLB

DRIFTMETER
0o ©M)
010 RPA
011 LLA
D=0
100 RVMON
101 -_— GND
1 1 0 TEMP
11 1 — GND
FACKET
000 COUNTER
0 01 TIMECODE LO
010 TIMECODE Ht
001 1 COMMAND
D=1 STATUS
1.0 0 -_—
101 -_—
110 —
11 1 NULL ENTRY

NOTES DM AXIS AND POLARITY STAY CONSTANT
THROUGH OTHER ENTRIES UNTIL AFTER NEXT
DRIFTMETER (DM) SAMPLE

FIRST16 DENOTES DMMODE EXCLUSION REGION

SPARE

E F SPARE

Do D7
NWM PROM
F=0=ANALOG F=1=DIGITAL
EDC BA |DATA NAME EDC B A |DATANAME
000600 |H 00000 |PACKET COUNT
o000t |v 00001 |TIMECODELO
oco010 |P1 00010 |TIMECODEHI
00011 |P2
F=1
00100 (P3 01001 |[COMSTAT1
00101 |Pa 01010 [COMSTAT2
00110 |RAM 01011 |COMSTATS
00111 |RwsTEMP 01100 |COMSTAT4
01000 |XTRKTEMP 01101 |COMSTATS
01001 |EBOXTEMP 11111 |NULLENTRY
01010 |G1EMSSMON
01011 |G2EMISSMON
01100 |G3EMISSMON
01101 |@4EMISSMON
01110 |RWSEMISSMON
01111 |RWSFILBIASMON
10000 |GRIDVMON
10001 |HVMON
10010 |DEFVMON
10011 |RWSRVMON
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IVM Digital Controller Block Diagram

C/NOFS

16 | DATA
I

CONTROL DUAL < 11I‘ADDR| 10|E 1553 <'\:> CH A

PROM PORT } ©— REMOTE 1553
RAM 2|CNTRL :F: D TERMINAL<$:ﬁ> CH B
Z\ N4 8 L 1
1 16 | paTA 10 16 MHz
8 ADDR CNTRL
DaTal || 2 PROM ADDR 2 1 ;%DR [ENO)
CNTRU COUNTER CNTRL 6 POWER
.- “Tloata ON
. RESET
NARIEVAL 7 ,
FPGA
3 3 3 2 3
1.0 MHz
A/D
12 cLack A/D
DATA CSRD X;
N A/"D v FLter Y ¥ RV RESET
A/D GOREEC Holp RPA DREP Dm FAST/SLOW RV RVSTEP
DATA SELECT RANGE CMD AXIS & CMD
guT POLARITY

TO/FROM OTHER PARTS OF IVM
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IVM/NWM

IVM DATA SUMMARY C/NOFS

[VM Data Table

Slgnal Name

é

Samp/Sec Samp/Pack PROMspacmgg’

Data Type & Gomponents

DM | 128 512 412 bits A/D, Axis/Pol,Tsync
~ RPA 32 128)  16:12 bits A/D.Range,Tsync
| LLA 8 3 64 12 bits A/D, Axis/Pol, Tsync
| LLB % 8 32 64112 bits A/D, Axis/Pol,Tsync
MUX 16 64 32see IVM Muxed data detail
s g /,
VM Muxed Data detail ﬁ
PACKCNT ; 1. 2048 Packet Count 15 Bits, Tsync
TIMECODE0 ] 2048 Lowest 15 Bits SC Time, Tsync N
TIMECODE | i 2048 Next 15 bits SC Time, Tsync T
'COMSTAT 1 2048 2 Bits DM Mode,3Bits RV Blk, 3Bits DREP, Tsync
TEMP 1 2048112 bits A/D, Axis/Pol,Tsync
RVMON about 16 56 about 32 12 bits A/D, Axis/Pol,Tsync |
T sw R T
Total | | 84y R
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IVM/NWM IVM 1553 Interface

C/NOFS

- T T T T T T T T T T T Themvevss T
POR
TSYNG o l 4
(Ms8) ¥ I
| s
omuxw-sd—l'i
TIMECODE 0 Q
| <|e > o (g—
DLATCH JK
15 L_.#B_
DMUX186-
SA0-31
| WRITE BY 1553 we o1
TIMECODE 1
DECODE < { ADDR1553
I DLATCH LOGIC °
&
l I° HANDSHAKING
I L
= 18
15
le | o e
pmuxie-oe i I I 1
| VM CMD < I P cnTLisss
8
<‘ MISC LOGIC
2 DLATCH
DMMODE‘J—|—_
| L|_ :
Log |
DATA1553

@

| 3
| DREPCMD RVCMD DPR CTL-1553

IVM DIGITAL CMD PROCESSING
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IVM Data Word Formation/Muxing

l DPR DATA I
| DPR ADDR l
| 10 3 12 l
2 m
I = ] l
DPR ADDR
I COUNTER TRISTATE BUFFERS I
‘ LOWER 12 ENSL
| 1710 BUF l
SYNC COUNTER
| 3 l
EOP RESET
—t— 12
l DPRADDR CLK TSYNC I
I UPPER 3 BIT MUX < DMUX280 |
3X3 MUX < DMUX281

I DMUX16-A I ‘ |
| _'_15 = 3 3 I
PACKET COUNTER DMUX1S0 )
| < DIGITAL WORD MUX < I
| SYNC COUNTER aisMUX g DMUX1S1 i
POR T I

DMUX16-D ['®

PACNTCLK N A I
omuxisc___|' |
2' DM AXIS, DM POL I s L
DMUX16-B |

C/NOFS
|

RPA RANGE

IVM DIGITAL DATAWORD FORMATION
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IVM Control Logic

C/NOFS

DMUX2s0

DMUXtSt

DMUX1S80

EOPRESET

LOWER1SENBLs

PACNTCLKS

IR,

DPRADDRCLK'

READBY 1553

PEVPERIOD

[

PEVFREQ

PEVCOUNT

41

NWM 2 FPGA DIGITAL CONTROL LOGIC

AZDCSRD
PROM PROM PR AMUX
cLk EOP  pata o ONTL £ HOLD
o, m,
= [2)
o =
ol &
o
5| 8
<
+31250
18
195m SEC (512Hz) CYCLE } 1
I
< MHz
STATE DECODER SYNC CTR
EOPRESET
<_POR
<
PEVCTR SYNC GTR
OR
PEVRESET Lt
P AD
CLK
] +10
<
SYNC CTR
100 KHz
ONV SYNC
' #1024
I < |[@—————racnok
SYNG GTR
MISC LOGIC ?
=]
z
2 3 A A 4
£ > RVSTEP RVRESET
2 i
w o
o
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Ivm/Nwm  ITVM Drift Meter Mode Logic Block - Expanded C/NOFS

- POATAQS EPOL .3 .4‘\5!
m\]? OH_FOL =
B|
I"f’ —/(,_.-"
“—“—“jﬁ' A END
B nunz;}
a— I‘,ﬁﬁ_qw .
] uﬂ&"}if
|
T JKF s
LK CLK
- FIASTHALFSECD de
- POATADL{AXTIS] 3 -»ém
wee LI DM _A%IS u
- CHDY & K o ) B -
EQF
» —& CLK
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NWM Digital Controller Block Diagram

C/NOFS

—ﬁ*WA—__{>
DUAL — — {1553

CONTROL K= CH A
PROM PORT ! REMOTE 1533
RAM S CNTRL TERMINAL CH B
Gdon 1| ] e,
el CNTROTH | | ho
DATA| PROM ADDR DDR
COUNTER 16
“Tloata
A <&
PEVCMD
PEVMON
RVRESET
RVSTEP FPGA # 1
AZDCSRD
HOLD
FBOX3
—le _
- lTrTTrm1T- - -——-—-— - -\ "= — —
DATAISS3 FBROXP
s PROM -7
2 LATCH
—lf- 15 (ADDER 3 BIT)
A/D ! ;
& VNULL_WRT
Wi
(3D/A HNULL WRT FPGA # 2
HY_WRT
DEF WRT LATCHED OUTPUTS [#SIGS
RWSFILBIAS WRT RWS FIL ON/OFF 1
G1-G4 P/R 4
! VS RV ¥k ¢
1L Mz A2D 24 RWS EMIS LEVEL 2
100 KHz 2 G3/G4 EMIS LEVEL 2
CONV. SYNC Gl/G2 EMIS LEVEL 2
Y HV ON/OFF 1
LATCHED REP/DEF ON/OFF 1
RWSFILP, SIGS RWS BIAS ON/OFF 1
RWSFILR GRID VvV ON/OFF 1
G1-G4 ON/OFF 4
FIL ON/OFF 1

BLOCK DIAGRAM NWM DIGITAL CONTROLLER
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NWM DATA SUMMARY - SCIENCE DATA

C/NOFS

NWM !Z)ata Table

i
;

R e

~|Signal Name

i Sé”?ﬁ”b/Sfec

Samp/Pack '

PROMs pé”gi”hg

Data Type & Components

L
RAM

H 16 64, 8'12 bits A/D.PEVMON,Tsync
16 64 8 12 bits A/D.PEVMON, Tsync o
P1 4; 16, 3212 bits A/D.PEVMON,Tsync
4 16/ 32 12 bits A/D.PEVMON, Tsync o
P3 4 16 32,12 bits A/D.PEVMON,Tsync
D 4 16 - 82 12bits A/D.PEVMON,Tsync -

32

4

W1.6§

7

12 bits A/D.PEVMON, Tsync

&

see NVM Muxed data deta|I o

MUXed DATA
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IVM/NWM NWM DATA SUMMARY - MUXed DATA  C/NOFS

NVM Muxed data detail |
- Signal Name Samp/Sec 'Samp/Pack PROMspacing.Data Type & Components
IPACKCNT T 2048 Packet Count 15 Bits, Tsyne )
TIMECODEO | |1l 2048 Lowest 15 Bits SC Time, Tsync_ i
3 TIMECODE1 = 1 2048 Next 15 bits SC Time, Tsyne
COMSTATI - 2048/11to 15 Bits CMDs see CMDSTST detail
| COMSTAT2 1] 2048[11 to 15 Bits CMDs see CMDSTST detail
'COMSTAT3 1] 2048 11 to 15 Bits CMDs see CMDSTST detail ]
COMSTAT4 | 1 2048 11 to 15 Bits CMDs see CMDSTST detail
COMSTAT5 1 2048 11 to 15 Bits CMDs see CMDSTST detail
RWS TEMP 1 204812 bits A/D.PEVMON,Tsync
| XTRK TEMP 1 2048 12 bits A/D.PEVMON, Tsync
" EBOXTEMP 1 2048 12 bits A/D.PEVMON,Tsync
) ~ 'GRID V MON 1 2048 12 bits A/D.PEVMON,Tsync
| ~HV MON | T 2048 12 bits A/D.PEVMON,Tsync
o G1 EMISSMON 2 102412 bits A/D.PEVMON, Tsync
G2 EMISSMON 2 - 102412 bits A/D.PEVMON, Tsync
G3 EMISSMON 2 102412 bits A/D.PEVMON, Tsync ”"
G4 EMISSMON « 2 1024 12 bits A/D.PEVMON,Tsync
RWS EMISSM 1 4 ~ 512/12 bits AID.PEVMON,Tsync )
‘ RWSFILBIASE 14 512 12 bits A/D.PEVMON,Tsync «
= TBEF Y WON | | TTd T T si2lizbis ADPEVHONTeme T T
_ |(RWS RV MON  about8 | 31 about 6412 bits A/D.PEVMON,Tsync ”




CINDI
IVM/NWM

NWM 1553 Interface

C/NOFS

l NWMGMD7LD
TSYNC g
MsB) ¥ |
| s
omuxie-s d—t |
TIMECODE 0 TIMEQLD Q
< > CLR POR
DLATGH JK

|14

‘l‘___|T__

15
Dmux1s-c<—i—' FoR

WRITE BY 1553

I POR

2

PEVPERIOD 4———'———

PEVFREQ |

NULLMAN_AUTO q—l———

3
PEVCOUNT 4—-I—|———

NWM 2 FPGA DIGITAL CMD PROCESSING

TIMECODE 1 DECODE
<le TIME1L LOGIC
DLATCH &
HANDSHAKING
SA 031
” WG 0-31
! ADDR1553
P
— |
—P cn
NWM CMD #8 e =
NWMCMDSLD MISC LOGIC
DLATGH
1 HI &
]
ol e | DATA1553
lie
v
NWMCMD LATCH
TO 2nd FPGA TO 2nd FPGA
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CINDI
IVM/NWM

NWM Data Word Formation

C/NOFS

SYNC COUNTER

<

DPR DATA
DPR ADDR
A ? A
10 3, 12
m [::]
2 @
DPR ADDR
COUNTER TRISTATE BUFFERS

110 BUF

EOP RESET

DPRADDR CLK

‘ UPPER 3 ENBL

LOWER 12 ENBL

—

1

b —— 2

DMUXi6-A

__[_15

PACKET COUNTER

SYNC COUNTER

< DIGITAL WORD MUX

PACNTCLK

TSYNC L
L}
UPPER 3 BIT MUX |
DMUX250
‘ T
~
2X3 MUX 5
Y 5 |
- = 3 zZ
DMUX1S0 I
¢ DMUX1S1 |
< I
3X15 MUX
PEVMON l
DMUX16-C I° 1
s |1
pMUX16-B | ,
1]

NWM DIGITAL 2 FPGA DATAWORD FORMATION
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CINDI
IVM/NWM

NWM Control Logic

C/NOFS

PROM

EOP

g

A2DCSRD

PROM
DATA 4

DPR AMUX
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DPRADDRMS
ADDR1553MSB
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1
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Y —
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I 15|
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<
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l———r0R

lPEVCTR

PEVRESET

#16
<

SYNC CTR

OR

16
' MHz

1 MHz
A/D

<

SYNC CTR

CLK

' 100 KHz
CONV SYNC

DMUXENBL:

ux182
MUX1S1
UX180!
PEVOPEN
WSFILP
BWSFILR

RVSTEP RVRESET

#1024
<

SYNC CTR

NWM 2 FPGA DIGITAL CONTROL LOGIC

‘_——— PACNTCLK
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CINDI .
IVM/NWM NWM FPGA#2 Block Diagram

C/NOFS

|
cMD 0<j——

Ik

|

CMD 1<

A/D-D/A DATABUS

cMD 2
TRISTATE
NWMCMDLATCH
| FROM EBOX-3

Ik

Ik

CMD 3<

| =

.

DECODE

3 11 DATA 1553

Low 11
‘—l—-'— FROM
EBOX-3

T cMp 4<|lt—

_s__|_. LATCH &
LOGIC

PROM DATA

FROM EBOX-3 ]
_j cMD 5

PROM
DATAVALID
FROM EBOX-3

Ik

.

cMp 6<j—

Ik

RWS
PULSE CMD ¢———
LOGIC 2 7<
LATCHE .
SIGNAL F |
AWSFLIP RWSFILR T

TO REST OF INSTRUMENT
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CINDI

IVM/NWM NVM A/D and D/A PATHWAYS

C/NOFS

20 ANALOG
INPUTS
LATCH LATCH LATCH LATCH LATCH
STROBE STROBE STROBE STROBE STROBE
MUX ADDR
FROM PROM
A-E ANALOG
—AE MUX HV CONT DEFV FIL BIAS
VNULL HNULL D/A D/A D/A
D/A D/A BITS BITS BITS
0-3 0-3 0-7
L X s A
- — 8-11 LOGIC 1 —
A 4 BITS 0-11 BITS BITS BITS BITS [
T8 " " . N
0-11 0-11 4-11 4-11 l 16'\ DUAL PORT
1
AD DPR DATA BUS RAM
CONVERTER " / WRITE
ﬁ | 15 PORT
+ BITS 16 v
AD CTL |3 0-14 1 2 %cn
| | ]
DIGITAL I
MUX — CcMD o I
P> -
AwsriLP < * GOMSTAT1 > .
« COMSTAT2 — > : INWM CcMD 1ATCH
® COMSTATS >
&———| ccomsTat4 — .
RWSFILR ® COMSTATS p— 1 . |
— .
LATCHED 24
INSTRUMENTH— | cmD 7 |
SIGNALS
FPGA #2 | FPGA #1
16
s —
! 1553 DATA
| 5 l 6 1
i i PROMDATA
EBOX-2 I EBOX-3
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CINDI

IVM/NWM IVM Progress and Stgtus

C/NOFS

First Pass IVM FPGA Layout Complete, timing in checkout

Layout Statistics: Module  Used Out of

Seq. 39 624
Logic 484 1232
I/O 114 140
Clock 1 2

Peer Review Held, Changes in Incorporation

Initial PROM program Prepared

%

6.3
39.3
81.4
50

Engrg Board layout complete, on track for IVU system
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CINDI )
IVM/NWM End / Start Measurement Cycle — Sim. C/NOFS

iy
o
il

L
.
L

1MHZA2DCLK ,_]'U‘U‘U‘U‘U‘U

~A2DCSRD

SEQCTRRESET
PDATA1
PDATAD

.. MADDRCLKE
DPRADDRCLK
DPRADDRO
DPRADDR1
DPRADDR2
DPRADDR3
DPRADDR4
DPRADDRS




CINDI
IVM/NWM

1553 Write — TIMECODE - Sim.

C/NOFS

RAV1 553

~DTREQ

~DTACK

~DTGRT

~DTSTRB

~QE1553

~CE1553

~BUFEMNA,

DATICMD




|v(|f,:;\:\,[\),:,M IVM and NWM Digital Controllers C/NOFS

IVM Controller Peer Review Actions

1) Evaluate Power/Gnd Plane Usage

2) Put in synchronization on two derived clocks

3) Complete Back Annotation Timing Checks

|

|
~
o




CINDI
IVM/NWM IVM Digital Controller : Major Tasks Ahead C/NOFS

Complete Timing Analyses

Prepare Test Procedures
Test PWB Functionally; Prepare IVU

Integrate Digital Controllers with Rest of Instrument

At Each Step, Prepare Documentation




IV(I?I:;\:\RI:IM IVM/IVU Digital Controller Test Sequence C/NOFS

Verify Power, Clock and Reset Distribution,
Verify PROM counter and FPGA timing for each data type

Verify Total PROM sequence

Verify 1553 Command Transfer

Verify 1553 Data Packet Transmission

Verify IVM Mode Changes




CINDI
IVM/NWM NWM Progress and Status C/NOFS

NWM Controller Re-partition Complete

Board Schematic Virtually Complete

FPGA s reuse about 50% of Logic from IVM
50% of the rest 1s similar,

80% Ext. Device — FPGA Timing will be verified by IVM




CINDI
IVM/NWM

IVM and NWM Digital Controllers 1553 I/F

C/NOFS

+5V
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CINDI
IVM/NWM

IVM and NWM Digital Controllers Dual Port RAM C/NOFS

MSB
DPRDATA A7

D B

Ekl

DPRADDR =——————

33438
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o
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CINDI ..
IVM/NWM IVM and NWM Digital Controllers Control PROM C/NOFS
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CINDI
IVM/NWM

I'VM Digital Controller

FPGA

C/NOFS
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DPRDATA
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CINDI
IVM/NWM

Digital Controller EBOX-3 FPGA

C/NOFS

DPRDATA
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|V(|€,:}\|I\R,:,M NWM Digital Controller EBOX- C/NOFS
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CINDI
IVM/NWM C/NOFS

BCE/GSE

4




CINDI
IVM/NWM GSE/BCE OVERV'EW C/NOFS

* GSE = Ground Support Equipment
* BCE = Bench Checkout Equipment

e Units

e« RWS BCE - Used for UTD lab testing of RWS without EBox
- not delivered

« XTRK BCE - Used for UTD lab testing of XTRK without
EBox - not delivered

e IVM GSE - Used for UTD IVM system testing and testing at
AFRL and SA

e NWM GSE - Used for UTD NWM system testing and testing
at AFRL and SA
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CINDI
VM/NWM GSE/BCE STATUS C/NOFS

XTRK BCE complete and tested
RWS BCE complete and tested

One GSE complete and tested

Second GSE nearing completion

GSE software development is on schedule

e GSE software/timing verification test shortly after CDR
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CINDI
IV/NWM BCE FUNCTIONS C/NOFS

o Support RWS or XTRK sensor operation/testing
without 1553 interface/EBOX

e Provide;:

 Adjustable +28V, fixed +12V, fixed +5V, +28V
return, power on/off switching

e Test points with integrated voltmeter
e Sensor mode control

« Filament power key switch protection
e Power supply current monitoring

183




CINDI
IVM/NWM RWS BCE FUNCTIONAL DIAGRAM C/NOFS

+28V, +/-12V, GND>
115vAC RWS BCE RWS
- MODE CONTROL
UNH " SENSOR
TEST < OUTPUT
POINTS SIGNALS

RAM RETARDING
SIGNAL VOLTAGE

LABVIEW PC

CIO-DAS 16
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CINDI
IVM/NWM RWS BCE SCHEMATIC C/NOFS
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CINDI
IVM/NWM

RWS BCE UNIT PANEL LAYOUT C/NOFS

RWS BCE UNIT
+28V SUPPLY +12V SUPPLY -12V SUPPLY I TEST POINTS —
100V ENA MULT ENA 12v +Hav 128V GROUND
O © ©© o o O
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= e O = oo C © ©® ©® ©
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CINDI
IVM/NWM XTRK BCE FUNCTIONAL DIAGRAM C/NOFS

+28V, +/-12V, +5V, GND >
HSVAC XTRK BCE XTRK

. UNIT MODE CONTROL | SENSOR

TEST < OUTPUT SIGNALS
POINTS




CINDI
IVM/NWM

XTRK BCE SCHEMATIC

C/NOFS
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CINDI
IVM/NWM

XTRK BCE PANEL LAYOUT

C/NOFS
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CINDI
TUNWIA IVM/NWM GSE UNIT OVERVIEW CINOES

e Two identical and interchangeable GSE units

e Provide +28V power - simulate S/C power switching
using debounced solid state relays

e Filament power safety switch for NWM

e BC 1553 interface emulation and data display software
packages

« Facilitates troubleshooting and sensor test calibration

e Battery-powered "Stealth" mode
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CINDI
vinwn | VM/NWM GSE SOFTWARE OVERVIEW C/NOFS

e Separate DOS based software packages for IVM and NWM
e Codedin C
e Modified ROCSAT GSE programs

e Emulation of S/C 1553 BC timing, time code broadcasting, and
data acquisition cycle scheduling

e Scheduled command execution
e Collect science data packets and SOH data
« Standardized data print and screen display

e Provide data plots
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CINDI
IVM/NWM

IVM/NWM GSE FUNCTIONAL DIAGRAM C/NOFS

IVM/NWM GSE
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CINDI
IVM/NWM

IVM/NWM GSE SCHEMATIC
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IVM/NWM

IVM/NWM GSE PANEL LAYOUT C/NOFS

DIGITAL VOLT METER
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CINDI
IVM/NWM IVM STIMULATION UNIT SCHEMATIC C/NOFS

OFF 3
TERMINAL +5V
BATTERY e al  VoiTAGE
ON REGULATOR
(LP2951)
100,000M
\ > REF I
1KHZ
CMOS MAX 328
OSCILLATOR 10,000M | MULTIPLEXER
30M S1A MAX 329
MULTIPLEXER
60M SZA\
o 53/: | DAL o 70 —YDM COL D
O | o 710 RPA S4A |
CLK I ° |
SEN |
UP /DN
COUNTER SE: D
<38 S = TO ~YDM COL B
Q8 Q7 Q6 C S4B
A A A ©
A B
15.625H7
7 8125HZ
3.90625HZ

105




CINDI
IVM/NWM

STIMULATION CONFIGURATION
ION VELOCITY METER

C/NOFS
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CINDI
IVM/NWM C/NOFS

PARTS/MATERIALS

197



CINDI
IVM/NWM

IVM/NWM MATERIALS LIST

C/NOFS

Utilized past program experience

NASA RP-1124 database used for outgassing info

GSFC materials branch characterized "new Kel-F" (PCTFE)
Final materials list submitted

Have responded to C/NOFS hazardous materials list
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v PARTS QUALITY CINOFS

e Parts Program per NASA 311-INST-001, Rev A, Level 2
* Screening/testing performed by the manufacturer 1s not
repeated
» Upgrade screening of OPA128 to 833B, DPA, PIND
e Rescreening of HA2640/883B from ROCSAT]1 stock
e PIND on most microcircuits, diodes and transistors
e Class S LM108 used as general purpose op amp — reliability
enhancement
 Final Parts Stress Analysis Complete
o All parts derated per GSFC PPL-21, Notice 1, Appendix B
e Non-standard part approval requests submitted to
AFRL/NASA
e Final Parts List submitted to NASA/AF
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CINDI

C/NOFS

V/NWM PARTS STATUS
Part Description Part Number Manufacturer | Expected Delivery Date
2.15M 600V Resistor G311P683-6502154F |Caddock 1/15/02
10M 1kV Resistor G311P683-6601005F |Caddock 1/15/02
50M 2kV Resistor G311P683-7155005F |Caddock 1/15/02
1000V 0.01uF Capacitor  |87043-49 (CA92-01A) |Novacap 11/30/01
3000V 0.001uF Capacitor (87047-25 Novacap 12/21/01
A/D Conwerter 7672RP SEI 12/31/01
D/A Conwerter 7545ARP SEI 12/31/01
‘Power MOSFET FS[234R3 " Fairchild 12/15/01
1553 RT BU-65142D2-130Y DDC 12/31/01
12V DC/DC SINGLE MCH2812S/883 Interpoint 12/7/01
CMOS Logic CD40109BDMSR Intersil 1/5/02
CMOS Logic CD4013BDMSR Intersil 12/26/01
Diode JANTXV2NO30 Microsemi 11/30/01
High Voltage Rectifier Diode{HRF30 Semtech 11/21/01
Mil Transformer M21038/27-01 (B-2204) |Beta 12/10/01
Supermetallized Cap (30V) |M87217/01-1171A CRC 11/23/01
Supermetallized Cap (30V) |M87217/01-1225A CRC 11/23/01
Supermetallized Cap (30V) |M87217/01-1237A CRC 11/23/01

Spare Parts Policy: 10% or 2 parts
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CINDI
IVM/NWM

IVM/NWM RELIABILITY ANALYSIS

C/NOFS

 Full stress analysis performed using Relex

e MIL-HDBK-217 FN2

 Failure rates calculated using actual stress data

Ps (1 year) |Ps(2year) |Ps (3 year)
NWM 0.98677 0.97372 0.96084
IVM 0.99659 0.99319 0.98981
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CINDI IVM/NWM RELIABILITY ANALYSIS C/NOFS

System Name Failure Rate (#/1E6 hr) |[MTBF (hr) |Ps (1 Year) [Ps (2 year) |Ps (3 year)
Neutral Wind Meter 1.55835 641703 0.98677 0.97372 0.96084
EBOX Unit 0.45584 2193730 0.99611 0.99224 0.98838
EBOX Board 1 0.10729 9320730 0.99908 0.99817 0.99725
EBOX Board 2 0.19820 5045370 0.99831 0.99662 0.99493
EBOX Board 3 0.15035 6650950 0.99872 0.99743 0.99615
Cross-Track Sensor 0.55946 1787450 0.99523 0.99049 0.98576
XTRK Board 1 0.03947 25335200 0.99966 0.99933 0.99899
XTRK Board 2 0.03927 25466700 0.99966 0.99933 0.99899
XTRK Board 3 0.05481 18243800 0.99953 0.99906 0.99860
XTRK Board 4 0.21295 4695890 0.99818 0.99637 0.99456
XTRK Board 5 0.21295 4695890 0.99818 0.99637 0.99456
Ram Wind Sensor 0.54305 1841440 0.99537 0.99076 0.98618
RWS Board 1 0.06461 15477700 0.99945 0.99890 0.99835
90V PS 0.19461 5138410 0.99834 0.99668 0.99502
100V PS 0.13943 7172000 0.99881 0.99762 0.99643
Multiplier PS 0.14440 6925160 0.99877 0.99754 0.99631
Ion Velocity Meter 0.39971 2501810 0.99659 0.99319 0.98981
IVM Board 1 0.10978 9109400 0.99906 0.99813 0.99719
IVM Board 2 0.12211 8189180 0.99896 0.99792 0.99687
IVM Board 3 0.16782 5958700 0.99857 0.99714 0.99571
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CINDI
IVM/NWM PRA UPDATE C/NOFS |

See attached file "CINDI PRA_CDR_Status.ppt"
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CINDI
IVM/NWM PARTS RADIATION TOLERANCE C/NOFS

« Requirement(13deg,400x710km orbit, 1 year life, 3 year goal)
e TID - 1.3 Krad for 3 years, 60 mils Al, RDM =2
e SEE — No SEU for LET = 10, No latchup
 Preliminary Radiation Analysis Complete
e All parts meet above requirements except Actel A1280A
e TID 18 Krads
« SEL LET > 120
e SEU LET 23-28 for combinatorial (C) modules

« SEU LET 3-8 for sequential (S) modules — 1 upset each
15 days possible
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CINDI
IVM/NWM A1280A SEU MITIGATION C/NOFS

 Implement critical functions in discrete rad-hard logic
e Maximize use of C modules

e Limit S module use to areas where SEU will only cause a brief,
tolerable effect

e No Data loss

e No Data ambiguity
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CINDI |
IVM/NWM CINOFS

INTEGRATION AND TEST
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CINDI
IVM/NWM INSTRUMENT TEST PLAN C/NOFS

*Individual PWB assembly tests over temperature
* Instrument test/calibration over temperature
* GSE emulates all electrical interfaces

* Tests are designed to satisfy IRD verification matrix test
requirements

* Functional tests in vacuum, ambient temperature, sensor stimulation with
1on source/gas jet

* 200 hours minimum burn-in planned
* Instrument Environmental Testing

*Tests are designed to satisfy environmental test requirements specified
in the PLITP and S/C to Payload ICD(for EMI/EMC testing only)

* Integration with Payload Module at KAFB
* Payload Module integration with S/V at SA

*Standard functional tests defined for payload module/SV testing
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ASSEMBLY/INTEGRATION FLOW
AT UTD

CINDI

IVM/NWM C/NOFS

PWB PWB
ASSEMBLY > TEST
SYSTEM INSPECT FINAL VACUUM
MECHANICAL STAKE FLIGHT TEST TEST EVIRONMENTAL
ASSEMBLY > TEST/ CONFORMAL P AssemsLy AND > WITH TESTING
GALIBRATION COAT CALABRATION STIMULATION

(-20 TO +50C)

(-20 TO +500)
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CINDI
vionwn | VM/NWM ENVIRONMENTAL TESTING C/NOFS

* Physical Properties
EMI/EMC
e Magnetic induction test
Random Vibration
* 9.0 GRMS (per AF PLITP)
e 140 seconds
Alignment measurements required prior to and after dynamic testing
Thermal Vacuum
e 8 Cycles
e -20C to +50C (operation)
e -35C to +65C (survival)
Test sequence follows AF PLITP
 Test procedures will be written by UTD or by test vendors with
UTD input and approval
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CINDI IVM/NWM ENVIRONMENTAL TEST

C/NOFS

IVM/NWM MATRIX
TEST SPECIFICATION | PROCEDURE
Physical Properties C/NOFS PLITP UTD139-710
EMI/EMC 1169-EI-Y25125 | UTD139-708
Magnetic Induction C/NOFS PLITP UTD139-711
Random Vibration C/NOEFS PLITP UTD139-712
Thermal Vacuum C/NOFS PLITP UTD139-709

PLITP - Payload Integration and Test Procedure,
Document No. CNOFS-0001-001

1169-EI-Y25125 - SAI Spacecraft to Payload ICD
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CINDI
IVM/NWM

ENVIRONMENTAL TEST FLOW
DIAGRAM

C/NOFS

CINDI Instrument Level Environmental Test

Thermal
Vacuum Test

Post T/V
Functional Test

Note: CINDI Instruments will not be subjected to

instrument level thermal cycling.

Flow
. Physical .
Baseline . Conducted Radiated . .
. —P Properties . . ! ——» Vibration Prep.
Functional Test Emissions Tests Emissions Tests
Measurement
Magnetic
Dipole
Tests
Post-Vibration Protoflight
Pre- |
r.e T ¢ Instrument/ — Therma Functional ——— Random
Functional Test Cable Bake-out Vacuum Prep. , .
Test Vibration
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CINDI SV I&T AND LV INTEGRATION C/NOFS
IVM/NWM REQUIREMENTS

e Maintain nitrogen backfill in NWM sensors
* No purge
e Cover removed by UTD only

White glove handling
Class 100k OK with covers installed
Relative humidity 30 to75%

Small, battery powered stimulation unit for IVM
e Special test by UTD personnel

Check NWM HV/filaments under vacuum after SV
environmental tests

* No special needs during launch ops.
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e POTENTIAL HAZARDS CINOFS

* No personnel hazards

* Remove Before Flight aperture covers to protect
delicate grids

* NWM high voltage and filaments off except for
special tests under vacuum
- Protected by Red Tag Fil/HV Disable

Shorting Plug
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CINDI
VINWI MECHANICAL ALIGNMENT C/NOFS

* Alignment requirements - IVM, RWS, CTS

* Boresight accumulated maximum error - £2° wrt SV velocity vector (mechanical
placement, SV attitude control and knowledge)

* Pointing knowledge within 0.1°

* Alignment accomplished by controlling SV ram direction and instrument sensor
mounting interfaces wrt the SV velocity vector

* Alignment measured by:

* Temporarily mounting alignment mirrors to IVM driftmeter, RWS and
XTRKS

* Measuring pitch and yaw angle of mirror wrt the satellite ram direction
reference

* Roll angle controlled to < 2° by SV and sensor mounting hole patterns - roll
angle not measured

* Measurements required prior to and after dynamic testing
* NWM EBox does not require alignment or measurement
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CINDI
ivmnwm  POINTING ALIGNMENT MEASUREMENT  C/NOFS

SPACE VEHICLE (SV)

THEODOLITE

TEMPORARY
INSTRUMENT
ALIGNMENT MIRROR

SV ALIGNMENT
/ REFERENCE SURFACE




CINDI
IVM/NWM

ALIGNMENT MIRROR ASSEMBLY

C/NOFS

VENDOR: ALIGNMENT MIRROR PLATE /

MIRROR CLAMP

FRONT SURFACE MIRROR

© UTD IVM DM
ALIGNMENT MIRROR

SPECIAL OPTICS
P.O0. BOX 163
LITTLE FALLS, N.J.,, 02424

PART NO. 3-3025, FRONT SURFACE MIRROR,
GLASS, CLASS Ill, 1.00" DIA X 1/4" THICK
STANDARD ALUMINUM

MOUNTING SCREWS
AND STANDOFFS
3 REQD
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CINDI ION VELOCITY METER ALIGNMENT C/NOFS
IVM/NWM MIRROR CONFIGURATION

or—m - -

RPA

MIRROR ASSEMBLY

€]

UTD IVM DM
IGNMENT MIRROR

)—"




CINDI NWM CROSS-TRACK WIND SENSOR  ¢/noFs
VIWNWI ALIGNMENT MIRROR CONFIGURATION

MIRROR ASSEMBLY
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CINDI
IVM/NWM

NWM RAM WIND SENSOR ALIGNMENT  cnoes
MIRROR CONFIGURATION

I

=
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CINDI
(CINDI EMI/EMC TEST REQUIREMENTS CINOES

* Radiated Emissions: tailored Mil-STD-461E
* Notches relaxed 30 dB inside S/C shield
e Bandwidth limits for emissions below 100 kKz,
6 to 30 dB uV/m
* Conducted Emissions: GEVS-SE narrow band
* Radiated Susceptibility
* Launch Operations: 20 V/m 10 kHz to 10 Ghz

 On Orbit: 10 V/m(TBR) @ 150, 400, 1066.8, 2207.5,
2287.5 MHz outside S/C shield

* 1 V/m at above frequencies inside S/C shield
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IVM/NWM

RADIATED EMISSIONS

C/NOFS

CINOFS Space Vehicle RE 02 Limits
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Figure 11 -1 Spacecraft and Experiment Radiated Emission Limits
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CINDI GEVS-SE POWERLINE CONDUCTED
IVM/NWM  EMISSION LIMITS (DIFFERENTIAL MODE) ¢/NOFS
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CINDI GEVS-SE POWERLINE CONDUCTED
IVM/NWM EMISSION LIMITS (COMMON MODE) C/NOFS
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CINDI
IVM/NWM C/NOFS

DOCUMENTATION
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CINDI
IVM/NWM PRODUCT ASSURANCE 1 C/NOFS

* Extensive NASA/DOD experience
* PA plan based on past experience
* Basic plan previously approved by NASA and DOD
projects (UTD132-051)
e AE, DE, San Marco, DMSP
* Tailored for SMEX SRQA requirements
* Preface added to basic plan (UTD139-715)
* PA personnel participate in all program phases including
procurement
* Consistent with ISO 9001
* PA Plan submitted to Project and NASA
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CINDI
IVMI;\II\IWM PRODUCT ASSURANCE 2 C/NOFS

* Preface added to base plan to cover SMEX SRQA requirements (UTD139-715)
« SMEX preface overview

» PI Responsibility » EEE Parts Program

¢ Continuous Risk Management e Parts Lists

* Subcontractors and Suppliers « GIDEP Reports

 Parts and Workmanship Quality e Materials and Processes Control
e System Safety e Materials Lists

* Consistent with ISO 9001
* Workmanship Standards

Probabilistic Risk Assessment
Contamination Control

o Assurance Audits and Reporting e Software
 Failure Reporting e Verification
* Reviews e Mission Ops/Reports

e Peer Reviews

» Semiformal/Formal Reviews

e Red Team
» Systems Safety Implementation Plan
» Safety Data Package




CINDI

IVM/NWM PRODUCT ASSURANCE 3 C/NOFS

e UTD Base Plan used on previous successful NASA and DOD programs (UTD132-051)

» Base Plan Overview
* Management
* Procurement Requirements
* Audits/Reviews
* EEE Parts Control
e Selection/PCB
» Nonstandard Parts Approval
» Application
e Radiation Tolerance
» Parts List
* Traceability
* Procurement Controls
e GIDEP Reporting and Follow-up
» Materials and Processes Control
e Materials Lists
« MRB
» Drawing/Specification Control
o Identification and Traceability

* Analyses
* Electrical Derating/Stress
e Radiation Tolerance
* Reliability Prediction
e Thermal
e Structural
e Configuration Management
» Approval by AFRL/NASA of
Interface/Performance Changes from the
MRD, ICD or CDR
e Document Change Control
e Procurement Requirements Control
e Nonconformance Control
e Malfunction Reporting to AFRL/NASA
» Fabrication/Workmanship Control
* Inspections and Tests
e Calibration of Test Equipment
e Traceable to NBS
 Training/Certification of Personnel
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CINDI
IVM/NWM

PRODUCT ASSURANCE 4
WBH-CSS DOCUMENT TREE

C/NOFS

Product
Assurance
Program Manual
UTD200-300

Contract Review
UTD200-301

Records
Management
UTD200-305

Inspection and
Test Planning and
Control
UTD200-309

Corrective and
Preventive Action
System
UTD200-313

Design Control
UTD200-302

Design Review
Checklist
(Guide)
UTD200-302.1

Procurement
Control
UTD200-306

Configuration

Software Design,
Development, and
Configuration
Control
UTD200-303

Fabrication
Planning and
Control
UTD200-310

Parts and
Materials Control
UTD200-307

Process Definition
and Continual
Improvement

Program
UTD200-314

and Document GPAIP
UTD200-390
Control
UTD200-304
Receiving Cleaning
Inspection Procedure
UTD200-308 UTD200-321
Nonconformance
System ESD Control
UTD200-312 200-320

Control of
Inspection,
Measuring and
Test Equipment
UTD200-311

Audit Procedure
UTD200-316

Training
UTD200-315




CINDI
IVM/NWM

CINDI PROJECT DOCUMENT LIST C/NOES

UTD 139-700
UTD 139-701
UTD 139-702
UTD 139-703
UTD 139-704
UTD 139-705
UTD 139-706
UTD 139-707
UTD 139-708
UTD 139-709
UTD 139-710
UTD 139-711
UTD 139-712
UTD 139-713
UTD 139-714
UTD 139-715
UTD 139-716

CINDI Continuous Risk Management (CRM) Plan
CINDI Contract Safety And Health Plan

IVM Instrument Requirements Document

NWM Instrument Requirments Document

CINDI Contamination Control Plan

CINDI Verification/Validation Plan

IVM End Item Test Procedure

NWM End Item Test Procedure

CINDI EMI/JEMC Test Procedure

CINDI Thermal Vacuum Test Procedure

CINDI Physical Properties Test Procedure

CINDI Magnetic Induction Test Procedure

CINDI Random Vibration Test Procedure

CINDI Instrument Handling and Safety Document
CINDI Packing & Shipping Document

CINDI Performance Assurance Implementation Plan/Quality Manual
CINDI Safety Plan
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CINDI
IVM/NWM CONFIGURATION CONTROL

C/NOFS

® Drawings signed off - placed under control
* Latest issue of master drawings on central server
e Master drawings are read only on server

* Changes by engineering change order only

Planning sheets (travelers) generated for fabrication & inspection
e Each step signed by performer

* Single controlled drawing (shop copy) utilized for fab

 Planning sheet/controlled drawings document "as built" condition

* Documentation kept in controlled file
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CINDI
IVM/NWM MANUFACTURING APPROACH C/NOFS

* 100% in-house design
* Drawing review and sign-off by responsible personnel including QA

* Planning sheets (travelers) and drawings released for fabrication by
cognizant engineers and QA '

* Blank boards and mechanical parts (including plating) fabricated by
qualified outside vendors

* 100% in-house inspection

* Batch numbers (traceability) assigned to all purchased and fabricated
parts/subassys

* Boards and parts cleaned and stored in controlled storage until needed for
assembly
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CINDI

IVM/NWM

ASSEMBLY AND TEST APPROACH C/NOFS

100% in-house electrical and mechanical assembly and inspection
Planning sheets utilized for control and record keeping (part/subassy batch

numbers recorded)

Controlled access assembly and test areas

Trained/certified assemblers and inspectors

Laminar flow benches utilized

All workstations and equipment grounded

ESD training and wrist straps utilized

Special tools and test equipment calibrated

In-house bench, vacuum and temperature testing

Formal test procedures utilized/test data recorded

In-process and final inspections

Instrument environmental testing (vib., TV, EMI, mag., etc.) accomplished at

outside vendors

* Environmental test procedures written by UTD and test vendor
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IVM/NWM

TYPICAL WORK FLOW CHART

C/NOFS

PURCHASE
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—»

PURCHAS
ORDERS

=

MACHINE
P SHOP
FAB
RECEIVING >
INSPECTION

-

ELECTRICAL FAB |

N\

SHIP

QA INSPECTION

UNIT TEST

LTYPICAL MECHANICAL PARTQ

CONFORMAL
COAT

TYPICAL ELECTRICAL SUBASSY (P.C. BOARD)

PACKING

| ACCEPT TEST

<

QUTSIDE
VENDOR
OPERATION

Yy

MECHANICAL

ASSEMBLY

UNIT TEST

/

v

INSTRUMENT

233




CINDI
IVM/NWM

UTD FACILITIES AND EQUIPMENT

C/NOFS

CAD/CAM drafting and machine shop
PWA inspection and assembly areas
Controlled access assembly and test areas
e Laminar flow benches

e Qil free vacuum test chamber
 Electronic test and checkout equipment

e Custom designed ion/electron sources for sensor
test

e Computational facilities

e Laboratory & office computers

e Dedicated UNIX cluster

e Local supercomputers
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CINDI
IVM/NWM CONTAMINATION OVERVIEW C/NOFS

* Moderate Sensitivity to NVR in selected areas
* Particulate contamination is of secondary concern
* Materials Selection and Vent Paths
* Cleanliness Emphasized During All Phases
* Assy/Test Areas
* Assembled Clean
* White Glove Handling
* Oil-Free Vacuum Systems
* Personnel Training
* Project contamination control plan (UTD139-704)
* Utilizing GSFC contamination specialist (Therese Errigo, Swales)
* Coordinating requirements with project
* Extensive past successful experience utilizing the following procedures




CINDI UTD CONTAMINATION CONTROL CINOES
IVM/NWM PROCEDURES

» Materials selection/processes
 NASA RP-1124 utilized: 1.0% TML, 0.1% CVCM
 Cleanliness emphasized during all phases
* Critical sensor assemblies accomplished on laminar flow (HEPA filtered) benches
* Instruments cleaned to <700B level
» Other assembly/testing in controlled environment
* "White glove" handling
* Protective covers for sensor apertures
e Backfill NWM sensors
 Instrument protected when out of controlled environment
 Selective cleaning operations
Oil free vacuum systems for testing
* Gold plated sensor aperture covers with venting through labyrinths
Personnel Training
Instruments kept under class 100,000 conditions or better
* Assembly and test
* Integration
* Encapsulation and carry
Instrument purging not required
Red tags removed as late as possible
Clean exposed gold plated surfaces after red tag removal (UTD personnel)
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CINDI GENERAL I&T AND SV C/NOES
IVM/NWM RECOMMENDATIONS/REQUESTS

All parties utilize NASA RP-1124 for materials selection
* 1.0% TML, 0.1% CVCM
SV venting away from sensors
"White glove" handling during all phases
Clean instruments and SV in vicinity of RSAP to < 700B level
Class 100,000 integration and environmental test areas (see note)
e > Class 100,000 - Protect in shipping container or bag
» Bagging considerations
» Tape lifting acroglaze paint
» Solvents attacking aeroglaze paint
Qil-free, monitored vacuum systems
e TQCM and cold finger monitors and pre-test certification
e Empty chamber TQCM level < 300Hz/hour (for 3 hours) with chamber
shroud at 100C using a 10MHz TQCM at -20C
e No pump oil residue on cold finger
» Gold plated covers over sensor apertures - labyrinth venting
"Clean" launch vehicle faring
"Clean" launch vehicle purge gas/air

NOTE: Class 100,000 facilities tyPically meet class 10,000 90-95% of the time
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CINDI
winwn | VM/NWM MATERIALS AND PROCESSES  cINOFs

e MIL-STD metal plating and finishing
e NASA RP-1124 utilized (1.0% TML, 0.1%CVCM)

e In-house processes and procedures well defined (listed in
RQA plan)

e Non-magnetic materials

e Stress corrosion considered in metals selection

e Non-flammable or flame retardant non-metals

e Final parts and materials lists have been submitted

e Processes controlled by written procedures
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CINDI
IVM/NWM SAFETY C/NOFS

 All safety info will be provided to AFRL/SA as required

* No heaters planned

* Enclosed volumes vented/no pressurized compartments

* No dangerous materials

* Materials selected using NASA RP-1124 and NHB 8060.1 as guidelines

» No explosive devices, non-explosive initiators or radioactive materials

e Connector mismate prevention achieved by keying/marking

e Handling fixtures not required

» Shipping cases designed to protect instruments from mechanical damage and

contamination

 Instruments to remain in shipping cases when not on SV or in test

e Observe standard ESD precautions

Connector savers utilized to prevent connector wear/damage

Personnel training

CINDI Project Safety Plan (UTD139-716)
» Preface to basic plan - same approach as for PA plan (Basic plan UTD132-
050)

Instrument Handling and Safety Document (UTD139-713)
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1. Operations Overview

IVM

IDM
Offset Rate determines frequency of horizontal and vertical measurements.
Normal Rate ---- Horizontal and Vertical Drifts every 0.5 sec
Slow Rate -------- Horizontal and Vertical Drifts every 8 sec
4 second periods for continuous 32 Hz samples
RPA
Sweep sequence determines sample rate for ram drift, temperature and comp.
Normal Sweep 0.5 sec Short sweep 0.25 sec Long Sweep 1 sec

NWM

CTS

PE valve activation time and period determine time for absolute zero determination.
Normal Mode --- 15 secs after turn-on and every 2560 secs.

RPA

Sweep sequence determines sample rate for ram drift, temperature and comp.
Normal Sweep 0.5 sec Short sweep 0.25 sec Long Sweep 1 sec
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2. Operating Modes

a) Survey Mode
IVM Normal Rate. RPA Normal Sweep
IVM Slow Rate for some Spread-F studies
NWM Normal Mode Optimized for continuous operation through perigee.

b) Forecast Mode
IVM Normal Mode. RPA Normal Sweep
NWM Normal Mode Optimized for continuous operation through perigee.

¢) Payload Burst Mode
No Special Operations
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4. Initial Checkout

* IVM Drift Meter Repeller Voltage for removal of H+ signal
Cycle to determine impact of O+ arrival angle

* IVM RPA retarding voltage sequence for ion composition
Whole Orbits with widened resolution for initial composition check
Selected Sweep check for optimum resolution.

* NWM Outgas before HV/filament actuated
* NWM RWS and CTS emission current for acceptable signal
Different levels during different passes
Check before change
* NWM RWS ion source energy for acceptable signal
Cycle between 70 and 90 V for optimum level.
* NWM RWS retarding voltage sequence for optimal signal
Whole Orbits with widened resolution for initial composition check
Selected Sweep check for optimum resolution.
* NWM CTS PE valve timing sequence for optimal signal.
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5. Constraints On-Orbit

Instrument Turn-On through UTD approved Command Sequences Only
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6. Special Operating Modes

a) Anomaly Resolution
IVM
No High voltage or filaments.

Continue normal ops during anomaly resolution except for overcurrent.
NWM

Turn off High Voltage and filaments during initial anomaly resolution

b) Campaigns
IVM
RPA sweep rate & IDM offset rate maximized for specific objectives.
NWM

Normal operations

¢) Backup modes
IVM
No backups
NWM

Switch to redundent filaments if required.
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7. On Orbit Calibrations

a) Internal Calibrations
IVM Drift Meter
Automatic Offset Sequence to remove electrometer offsets
NWM CTS
Pressure Equalization valve to remove gauge offsets
Slow s/c spin allows angular sensitivity of IDM, CTS and RWS to
be determined.

b) Cross-Calibration with other instruments
E = -VxB allows comparison with VEFI
RPA total ion concentration compares with PLP
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8. Typical Day in the Life

a) NWM
Low Voltage instrument elements on at all times.
High voltage multiplier and filaments turned-on below ~500 km
PE valve operation at fixed time after filament turn-on.

b) IVM
Normal Operations Mode on at all times
No daily command sequences required.
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9. Success Criteria

A) Minimum

Goals
Describe the local time dependence of the zonal wind near the equator
Understand storm influences ?
Understand how plasma depletions affect the neutral wind ?

Operations
Neutral Wind measurements from NWM.
400 - 500 km ; 1700 - 2400 hrs local time ; 200 passes/month.
3-month operational lifetime
Latitude/Local Time coverage over one season.

Mission

Geophysical parameters integrated into CINDI data system
and delivered to NSSDC
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IVM/NWM
9. Success Criteria
B) Comprehensive
Goals

Describe the local time and seasonal dependencies in zonal and meridional

neutral wind near the equator.

Describe the local time and seasonal dependencies in zonal and meridional

ion drift near the equator.

Understand how the appearance of plasma structure affect the ion and
neutral motions ?

Operations

Mission

Neutral Wind and Ion Drift measurements from NWM and IVM.
400 - 500 km ; 1700 - 2400 hrs local time ; 200 passes/month.
2-year operational lifetime

Latitude/Local Time coverage for summer winter and equinox.

Geophysical parameters integrated into CINDI data system
and delivered to NSSDC
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Major Responsibilities

Algorithm Design

IVM Heelis & Earle

NWM Earle & Heelis
Algorithm Execution Power & Coley
Instrument Behavior

IVM Heelis & Earle

NWM Mahaffy & Earle
Data Quality

IVM Heelis & Earle

NWM Earle & Heelis
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1. Raw Data

Neutral Wind Meter

a) 16 bit sample -- RWS log electrometer; PE valve open/closed; sync.

b) 16 bit sample -- CTS vert diff amp ; PE valve open/closed; polarity ; sync.
¢) 16 bit sample -- CTS horiz diff amp ; PE valve open/closed; polarity ; sync.
d) 16 bit sample -- CTS gauge electrometer ; PE valve open/closed; sync.

Ion Velocity Meter

a) 16 bit sample -- RPA lin electrometer; range ; sync.
b) 16 bit sample -- IDM diff amp ; axis ; polarity ; sync.
¢) 16 bit sample -- IDM log electrometer ; sync.
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2. Engineering Unit Conversion

Neutral Wind Meter

a) RWS log electrometer  -> Equivalent Current and Retarding Potential
b) CTS vert diff amp -> Vertical Neutral Arrival Angle

¢) CTS horiz diff amp -> Horizontal Neutral Arrival Angle

d) CTS gauge electrometer -> Relative Neutral Pressure..

Ion Velocity Meter

a) RPA lin electrometer; range -> Equivalent Current and Retarding Potential
b) IDM diff amp ; axis ; polarity -> Horizontal and Vertical Ion Arrival Angle
¢) IDM log electrometer ; sync. -> Relative Ion Density
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3. Derived Data Products

Neutral Wind Meter

a) Equivalent Current and Retarding Potential-> Neutral Drift Ram Component wrt s/c

b) Vertical Neutral Arrival Angle -> Neutral Drift Vertical Component wrt s/c

¢) Horizontal Neutral Arrival Angle . -> Neutral Drift Horizontal
Component wrt s/c

d) Relative Neutral Pressure -> Relative Ambient Pressure Estimate

Ion Velocity Meter

a) Equivalent Current and Retarding Potential -> Ion Drift Ram Component wrt s/c
Ion Comp. and Temp.

b) Horizontal and Vertical Ion Arrival Angle -> Jon Drift Vertical and Horizontal
Components wrt s/c

¢) Relative Ion Density -> Ambient Total Ion Concentration
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4. EDR Algorithm Design
Neutral Wind Meter - FORTRAN code also delivered to C/NOFS Data Center

a) Least Squares Fitting Procedure for Neutral Drift Ram Component wrt s/c
b) Removal of Difference Amplifier Offsets for Neutral Arrival Angles wrt s/c
¢) Removal of Spacecraft Velocity Vector for Ambient drifts wrt to s/c

d) Rotation of s/c reference axes to Earth Fixed Coordinates.

Ion Velocity Meter - FORTRAN code also delivered to C/NOFS Data Center

a) Least Squares Fitting Procedure for Ion Drift Ram Component wrt s/c
Ion Temp and Composition

b) Removal of Difference Amplifier Offsets for Ion Arrival Angles wrt s/c

¢) Removal of Spacecraft Velocity Vector for Ambient drifts wrt to s/c

d) Rotation of s/c reference axes to Earth Fixed Coordinates.
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5. Data Products

Neutral Wind Meter - Digital data file in CINDI Data Archive

a) Neutral Wind Vector in s/c coordinates and Earth Fixed Coordinates.
b) Cross Track wind components in s/c coordinates.
¢) Measurement location in UT and Earth Fixed Coordinates

Ion Velocity Meter - Digital data file in CINDI Data Archive

a) Ion Drift Vector in s/c coordinates and Earth Fixed Coordinates.
b) Total Ion Concentration, Ion Temperature, Ion Composition

¢) Cross Track ion drift components in s/c coordinates.

d) Measurement location in UT and Earth Fixed Coordinates
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6. Required Spacecraft and Operations Data

a) CINDI instrument data packets
UT stamped

b) Spacecraft Reference Axes.
Pitch, Roll and Yaw defined wrt spacecraft velocity vector

¢) Spacecraft Location in Earth Fixed frame.
UT, Geographic Latitude, Geographic Longitude,
Radial Distance from Earth center.

d) Direction cosines of s/c velocity vector in Earth Fixed frame.
UT stamped

e) Interpolated data required to provide 1/4 second temporal resolution.
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7. C/NOFS Data Center Algorithm
Modules

a) Extraction of Instrument Outputs from Data Packets
I-V curves for RPA
Deranged Difference Amplifier Voltage Levels for IDM
I-V Curves for RWS
Deranged Difference Amplifier Voltage Levels for CTS
Crude display for State of Health and Operational Profile

b) Geophysical Parameters in s/c Reference Frame
Constrained Levenburg-Marquart Procedure for analysis of I-V curves.
Separate modules for RPA and RWS
Use of Pitch, Roll, and Yaw data and s/c velocity to derive transverse drifts.
Separate modules for IDM and CTS

¢) Many vectors may need rotation into Earth fixed coordinate system.
UTD will assist in development of common algorithm for this procedure.
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